
October 16, 2015 

Mr. Michael Edmiston 
Air Section Manager, Region 7 
Texas Commission on Environmental Quality 
9900 W IH-20, Ste. 100 
Midland TX 79706 

Re: New Source Performance Standards (40 CFR part 60) Subparts JJJJ 
Submittal of Performance Test 
BHP Billiton Petroleum (TXLA Operating) Company 
Multiple Locations in Region 7 
Customer Reference No.: CN604538363 

Mr. Edmiston: 

• • bhpbi lli ton 
resourcing the future 

BHP Bllliton Petroleum 
3800 East 42"• Street 
Odessa, TX 79762 
bhpbilliton.com 

RE.CEUVE 

... ·- ... 

OCT ~· 9 2015 
.'\1r! l OXICS t~ lfi~J]t-!CttOn 
Cooroination Bran:. 

6EN-A 

Pursuant to 40 CFR 60.4245(d), BHP Billiton Petroleum {TXLA Operating) Company, a subsidiary of BHP Billiton Petroleum (North America), Inc. (BHP), is providing the performance test on the following compressors as required under 40 CFR NSPS JJJJ testing requirements: 

l ease Name RN Engine Make Engine Model Serial Number County 

State Dela 58-T2-38-A 
~ 

RN107718710 Caterpillar 3306NA R6S03934 Reeves 
State Roberta Regan 57-T2-36-A RN107620239 Caterpilla r 3306TA R6S03222 Reeves 
State Roberta Regan 57-T2-36-A RN107620239 Caterpillar 3306TA R6S03629 Reeves 
State Barlow 57-T2-47X2-A RN107828501 Caterpillar 3306TA R6SOOS90 Reeves 
State Barlow 57-T2-47X2-A RN107828501 Caterpillar 3306TA R6S00697 Reeves 

Testing was performed between the dates of August 17, 2015 -August 19, 2015. Attached are the reports generated by GHD. 

Should you have any questions, please contact Mr. RJ McClure at (432) 367-4351 or via email at RJ. McCiure@bhpbilliton.com. 

Ji my Chilton 
Area Operations Superintendent- Permian Production Unit 

JB/rjm 

Cc: Mr. Ramiro Garcia, Jr., Texas Commission on Environmental Quality, Austin , TX 78711-3087 Environmental Protection Agency, Region 6, Dallas, TX 75202-2733 



TRACEANALYSIS 
EMISSIONS TEST I NG LLC 

6701 Aberdeen Ave, Ste. 9 Lubbock, TX 79424 (800)-378-1296 
Chase.leftwich@traceanalysis.com 

40 CFR Part 60, Subpart JJJJ 
Performance Test Report 

Test Date: 8/18/2015 

Source: 
Unit: Roberta Reagan A 7048 
Engine Type: CAT 3306T A 

Engine SN: R6S03629 
Location: 31.795059,-103.911794 

Prepared on behalf of: GHD 

Dr. Blair Leftwich 
Chase Leftwich 

8/26/2015 

Date 



Definitions: 
Fourier Transform Infra-Red (FTIR): A spectroscopic instrument using the infrared portion of the 
electromagnetic spectrum to obtain the absorption spectrum as function of frequency. 

Calibration Transfer Standard (CTS): A certified calibration standard used to verify the instrument stability, 
when conducting sampling. 

Minimum Detectable Concentration (MDC): The minimum concentration of a compound that can be detected 
by an instrument with a given statistical probability. 

Parts Per Million wet (PPMw) 

Parts per Million corrected (PPMc): The indicated sample is cmTected to 15% 02. 

l.O Summary 

A CAT 3306TA Compressor natural gas fired engine located at Lat: N 31.795059, Long: W -103.911794 and 
owned or operated by BHP was tested for emissions of Carbon Monoxide (CO), Oxides of Nitrogen (NOx), 
Volatile Organic Compounds (VOC's) and Fonnaldehyde (CH20). The test was conducted on 8/18/2015 by 
TraceAnalysis Emissions Testing LLC. The test was conducted using a Fourier Transfonn Infra-Red (FTIR) gas 
analyzer, following reference method ASTM D6348-03 as incorporated by reference in 40 CFR Part 60.17. All 
quality assurance (QA) and quality control (QC) tests required in this method were followed and were within 
acceptable tolerances (Reference Tables 3 and 4 and Appendix A). Reference Methods 1-4 (Table I) were utilized 
to detennine the exhaust flow rate. Reference Method 3A (Table I) is used to detennine the Oxygen content. A 
certified thennocouple detennined the stack temperature. The exhaust flow measurements were taken at the point 
of sampling. The moisture content and Carbon Dioxide (C02) were measured throughout the test by the FTIR. 
The engine brake horsepower was either provided by the operator or was determined through the use of 
manufacturer's specifications. All tests are conducted at 90% or ),>reater load or at maximum achievable load 
based upon the cutTent condition at the time of testing. Barometric Pressure was recorded by the FTIR Analyzer 
and the atmospheric conditions were logged via intemet from the closest weather station with official NWS 
(KBGD) data to the test site. 

Table I· Reference Methods 
NOx Method 7E 
co Method 10 
02 Method 3A 
Flow Method 1-4 
ASTM D6348-03 FTIR 
Moisture FTIR 

2.0 Results 

The exhaust stream was sampled for three-one hour runs. The exhaust was analyzed by a Fourier Transform 
Infrared (FTIR) analyzer. The results from the FTIR were captured by data logging software which also perfonns 
the required algorithms. Exhaust temperatures are presented in Table 2. The target analyte concentrations from the 
CAT 3306TA Compressor natural gas fired engine, serial number R6S03629 were compared with the emission 
limits in 40 CFR Part 60 subpart JJJJ. 



Table 2: Summary of Results 

location:lstate Roberta R•acan Unit 7048 Company:~G~H~D~----------------------------------------------------------------~ 

Date Tested: ~.:l8:c.:/1o:8:c.:/2o:0.::15=-------------' EnginedCAT 3606TA Serial No :I R6S03629 

Carbon 
monoxide PPMc @ 

Run No. (average) Units 15% 0 , 

1 299 ppm 84 
2 319 ppm 90 
3 135 ppm 38 

Overall 251 71 

Carbon monoxide 

lb/Hr 
g/HP·hr 

117limits 

• 
Average HP for runs 

Pitot Tube Coefficient, C 

Stack static pressure, P, 

Atmospheric pressure at location 
Stack temperature 

Stack diameter 

. Stack pressure, P 
M• =Molecular Weight Stack Gas, dry basis 
M, =Molecular Weight Stack Gas, wet basis 

Stack velocity 

Stack Flow Rate, Q 

Factors Used 

8S.49l 

Nitrogen 

oxide NO. 

(average) Units 

65 ppm 

65 ppm 

65 ppm 

65 

Nitrogen oxide NO. 

0.11 

0~~~:~·hr 
2031 

1.ool 

1.00 in H20 

911 mbar 
s77 ·c 

S inches 

26.98 in Hg 

30.1 lb/lb·mol 
27.911b/lb·mol 

103.S9 ft/sec 

14.1 ds 

s 

Conversion Factor, Kp 

One lb· mole of ideal ga 

Ideal Gas Constan 
Standard Temperature, Tstd 

Standard Pressure, Pstd 
Grams/lb 

386 tt' lv=RT/P 

t 0. 730241 tt' atm "R-1 lb·mor' 
S28 "R I 

29.92 in Hg J 
453.6 grams I 

Engine I Compressor Parameters 

Manifold Ambient 
Pressure Pressure 

Run No. (in Hg) RPM Suction Discharge (mbar) 

1 79 1780 129 200 911 
2 79 1782 129 200 911 
3 79 1784 129 200 911 

Average 79 1782 129 200 911 

Test Run Test 
PPMc @ voc Test Run Start Finish Duration 
15%0, (average) Units Times Times (minutes) 

18 0 ppm 8:51 9:51 60.1 
18 0 ppm 9:54 10:54 60.2 
18 0 ppm 10:56 11:57 60.2 
18 0 Average I 60.2 

VOC 

0.00 

0.00 
0.7 8/hp·hr 

0.0736 in Hg 

26.9049 in Hg 
1071 "F 1S30 "R I 

0.417 feet 0.136 ft2 I 

EqHRM3 
Eq 2·6 RM2 

Wet Basis Dry Basis I 15820.S SCFH 14114.6168 DSCFH 

I 

Stack Stack Stack 
Percent Diameter Elevation Velod ty Stack 
of load (inches) (Inches) (ft/sec) Temp ("C) 

98 s 24 [ 103.S9 [ S77 

Ll. P std 

H10 %d co, %d 0 2 %d in H10 

9.7 9.9 0.01 0.73 
10.9 9.9 0.00 0.73 
11.7 9.7 0.00 0.73 

I 10.8 I 9.8 I o.o1 I o.73 

Upstream Upstream 
Stack, A Stack, B 
(inches) (inches) 

I 18 22 

T,("C) 

225 r-m r-m-
225 



3.0 Test Quality Objectives 
Table 3 summarizes the test quality assurance parameters used to evaluate original manufacturer minimal 
detectable concentrations for compounds Acetaldehyde, Ethylene and Nitrogen which can be found in Table 4 in 
section 4.1 Pre-Test Procedures. The FTIR evaluates known spectra in order to determine the Minimal Detection 
Concentration (MDC) for the Target Analytes listed in the table below. 

Table 3: FTIR Analysis and MDC 
Compounds Infrared Analysis Expected Measurement Required 

Region (em -1) Concentration Range System Achievable Measurement 
(ppmv) Minimum Detectable System Accuracy 

Concentrations and Precision for 
(ppmv) Test Application 

Target Analytes 
co 1945-2146 0-1000 > 1 1 
NO 1884-1989 0-300 >1 1 
N02 2478-2995 0-300 >1 1 
voc 850-1200 0-100 > 1 I 

2550-2995 
3018-3450 

Interfering Infrared Analysis Expected Measurement 
Compounds Region (em -1) Concentration Range System Achievable 

(%) Minimum Detectable 
Concentrations(%) 

C02 870-1150 0-15 0.1 
Water Vapor 3200-3401 0-25 0.2 

4.0 Quality Assurance 

4.1 Pre-Test Procedures 
All reference methods pre-test procedures produced results that were within the acceptable limits of the Reference 
Method ASTM D6348-03 which is the Reference Method used to conduct this 40 CFR 60 Subpart JJJJ test. Data 
generated during the pre-test procedures are summarized in Table 4. Results of individual quality assurance 
checks are presented in Appendix B to this report. 

Table 4: ASTM Refer·ence method QA/QC Summary 
Parameter Gas Concentration Path Equilibration Dilution % 
Measured Length Time Factor Recovery 

Path Length Ethylene 100.2 ppm 5.0 n/a n/a n/a 
Mechanical Ethylene 100.2 ppm n/a 40 sec. n/a n/a 
Response 

Time 
System Acetaldehyde 95 .1 n/a 41 sec. n/a n/a 

Response 
Time 

Analyte Acetaldehyde 99.6 n/a 44 sec. 9.9 99 
Spike 9.9 100.8 

Recovery 9.8 98.9 
System Zero Nitrogen n/a n/a 46 sec. n/a n/a 

(UHP) 
Oxygen span High=20.9% PRE <5% Drift 

Check 02 0 to High 42 sec. held for 60 
Response Mid=15% High to Mid 36 sec. seconds@ 

times Low= Ultra each level 
High Pure Post 
Nitrogen 0 to High 39 sec. 

High to Mid 39 sec. 



5.0 Test Runs and Duration 

Three separate !-hour test runs were performed. The final reported analyte concentrations are the average of each 
I hour test run. Data was taken at 20 second intervals. Each 20 second measurement was the average of 200 gas 
stream samples. A complete data listing of these averages is attached as Appendix D. 

6.0 Post-test Quality Assurance 

The post-test quality assurance Calibration Transfer Standard (CTS) shows the FTJR instruments stability by 
perfonuing aCTS Direct test which can be compared to the same test perfom1ed in the Pre-Test QA/QC 
procedures (Step 7 in Appendix B. This data establishes the analyzer was working properly and performed as it 
should throughout the process.) Table 5 shows the results of CTS direct. 

Table 5: Post Test CTS QA/QC results 

Post-Test QA/QC Results 

Step: 24 Post CTS Direct to Analyzer 

CTS Bottle Concentration 100.2 ppm 
CTS Compound. CTS Round Concentration Aver 99.12 ppm 

Tolerance 5.1 
Difference between measured and expected 1.08 



7.0 Additional Information and Reporting 

Following is a Schematic Diagram of the sampling system utilized during the testing process. 
The testing instrumentation is housed in an enclosed vehicle which is located approximately 30 feet from the 
source. A heated sample line (30 feet in length) is at tached to the inlet of analyzer system and the source effluent 
discharges through the FTIR outlet. 
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A d. A c rh .ppen IX : a 1 ration G as 
Zero Gas Ultra High Purity Nitrogen (UHP) 
Spike Gas Acetaldehyde/SF6 Tracer 

NO balance 
CTS Ethylene 

NO balance 
Oxygen Mid-range 
Oxygen High-range 

* Calibration Gas Certificates are attached 

99.9% Pure 
98.53 ppm/ I 0.24 SF6 

100.2ppm 

15% 
20.9% 



Appendix B: Pretest QA/QC Results 

Pre-Test QA/QC Results 

Pre-Test Baseline Results Average Residual 
001 Water vapor H20 -0.01 0.0002 

002 Carbon dioxide C02 0 0.0002 

003 Nitrogen monoxide NO O.Dl 0.0001 

201 NOx 0.01 0.0001 

202VOC O.Dl 0 

CTS Direct to Analyzer 

CTS bottle concentration 100.2 ppm 

CTS Compound. CTS Round Concentration Average 99.3 ppm 

Tolerance 5.1 

Difference between measured and expected 0.9 

Pre-Test System Zero Average Residual 
Carbon Monoxide 0 0.0001 

Nitrogen monoxide 0 0.0001 

Nitrogen dioxide 0.00 0.0002 

NOx 0.00 0.0001 

VOC 0.01 0.0002 

Pre-Test System CTS & Mechanical Response Time 

Mechanical Response time 40 seconds 

CTS Bottle Concentration 100.2 ppm 

CTS Compound. CTS Round Concentration Average 98.8 ppm 

Tolerance 5.0 

Difference between measured and expected 1.4 

System (Equilibration) Response Time Target (Spike) 

Equilibrium response time 41 seconds 

Spike reported 97.57 

Spike expected 98.53 

System (Zero) Response Time 
System zero response time 44 seconds 

System response time 46 seconds 



APPENDIXC 

Calculation Sample Sheet Example 

Flow Volume - 0 

0=3600 (1-Bw)VsA((T smPs)/(Ts(AssPsm)) 

0=(3600)(1-11. 7/1 00)(80.11 )(0.049)((528)(0.0339)/(897)(29.92)) 
0=6503 DCSFH 

Grams/HP-Hr sample calculation for Run 1 

NOx 
ER= Cd*1.912*0.001 *0*0.028*T 213*1.912*0.001*6503*0.028*1 = 0.37 g/HP-hr 

200 HP-hr 

co 
ER= Cd·1.164*0.001*0*0.028*T 13*1.164*0.001*6503*0.028*1 = 0.01 g/HP-hr 

200 HP-hr 

voc 
ER= Cd*1.833*0.001 *0*0.028*T 43*1.833*0.001 *6503*0.028*1 = 0.07 g/HP-hr 

200 

ER= 

Cd= 
HP-Hr= 
0= 
T= 

Ps= 

Ts(Ass)= 

Tsm= 

Psm= 

A= 

Vs= 

Bw= 

HP-hr 

Emission Rate measured in Grams per Horsepower hour 

Measured Parts Per Million on a dry basis 
Brake Horsepower 
Stack gas volumetric flow rate in dry standard cubic meter/hr 
Time of Test Run in Hr. 
Absolute Stack Pressure, in Hg 

Absolute stack temperature, 0 R 

Standard absolute temperature, 528 °R 

Standard absolute pressure, 29.92 in Hg 

cross-sectional area of stack, ft2 

average stack gas velocity (ftlsec) 
water vapor in gas stream, per cent 

Equations published in 40 CFR Part 60.4244 



Appendix D: Run Summary Data 

Summary Source 1 Run 

H20 Residua C02 Residua co Residua No Residual 

jBaseline -0.04 0.0002 -0.04 0.0001 0 0.0001 0.03 0.00011 

!Source 9.69 0.0038 9.87 0.0254 298.58 0.0057 58.39 0.00701 

Summary Source 2 Run 

H20 Residua C02 Residua co Residua No Residual 

!Baseline 0.03 0.0002 -0.18 0.0001 0 0.0001 0 0.00011 
jSource 10.94 0.0041 9.92 0.0281 318.86 0.0061 57.89 0.00711 

Summary Source 3 Run 

H20 Residua C02 Residua co Residua No Residual 
LBaseline 0.04 0.0002 -0.21 0.0001 0 0.0001 0 0.00011 
!Source 11.73 0.0046 9.66 0.0163 135.32 0.0049 59.86 0.00711 

Summary Source 1 Run 

N02' Residua CH4 Residua N20 Residua NH3 Residual 

!Baseline 0 0.0002 0.43 0.0001 0 0.0001 0.06 0.00011 

!source 6.70 0.0075 255.23 0.0235 9.24 0.0058 31.07 0.04351 

Summary Source 2 Run 

N02' Residua CH4 Residua N20 Residua NH3 Residual 
!Baseline 0 0.0002 3.04 0.0001 0.01 0.0001 0 0.00011 

!Source 6.66 0.0084 283.42 0.0258 9.26 0.0063 35.26 0.04851 

Summary Source 3 Run 

N02' Residua CH4 Residua N20 Residua NH3 Residual 

!Baseline 0 0.0002 2.09 0.0001 0.01 0.0001 0 0.00011 

!Source 4.80 0.0063 215.66 0.0151 12.04 0.0049 30.12 0.04681 

Summary Source 1 Run 

Ethylene C2H4 Residua Ethane C2H6 Residua Formaldehyde HCOH Residua Acetaldehyde CH3CHO Residual 

I Baseline 0.1 0.0002 0 0.0001 0 0.0001 0.03 0.00011 

Jsource 255.23 0.0021 0.78 0.0236 0.78 0.0230 0.98 0.04681 

Summary Source 2 Run 

Ethylene C2H4 Residua Ethane C2H6 Residua Formaldehyde HCOH Residua Acetaldehyde CH3CHO Residual 

!Baseline 0.17 0.0002 0 0.0001 0.02 0.0001 0 0.00011 

I source 283.42 0.0020 0.68 0.0258 0.36 0.0251 0.09 0.04851 

Summary Source 3 Run 

Ethylene C2H4 Residua Ethane C2H6 Residua Formaldehyde HCOH Residua Acetaldehyde CH3CHO Residual 

!Baseline 0.19 0.0002 0 0.0001 0.02 0.0001 0 0.00011 

I Source 215.66 0.0019 0.12 0.0152 0.45 0.0147 1.00 0.04681 



Summary Source 1 Run 

Sulfur Hexafluoride SFE Residua NOx Residua voc Residua Ambient Pressure Residual 

!Baseline 0.1 0.0002 0.03 0.0001 0 0.0001 912 Ol 
!Source 0.14 0.2250 0.00 0.0000 0.00 0.0000 913 ol 

Summary Source 2 Run 

Sulfur Hexafluoride SFE Residua NOx Residua voc Residua Ambient Pressure Residual 

!Baseline 0.17 0.0002 0 0.0001 0 0.0001 913 ol 
!source 0.11 0.2387 0.00 0.0000 0.00 0.0000 912 ol 

Summary Source 3 Run 

Sulfur Hexafluoride SFE Residua NOx Residua voc Residua Ambient Pressure Residual 

I Baseline 0.19 0.0002 0 0.0001 0 0.0001 912 ol 
!Source 0.12 0.2176 0.00 0.0000 0.00 0.0000 912 Ol 

Summary Source 1 Run 

Oxygen Residua Sample Cell Temp.~C Residua 

!Baseline 0 0.0001 180 0 

Jsource 0.01 0 180 0 

Summary Source 2 Run 

Oxygen Residua Sample Cell Temp.°C Residua 

!Baseline 0 0.0001 180 0 

!Source 0.00 0 180 0 

Summary Source 3 Run 

Oxygen Residua Sample Cell Temp.°C Residua 

I Baseline 0 0.0001 180 0 

!Source 0.00 0 180 0 



Airuas 
CERTIFICATE OF ANALYSIS 

Grade of Product: CERTIFIED STANDARD-SPEC 

Customer: LUBBOCK OXYGEN & MEDICAL GASES -
LUBBOCK,TX 

Part X03NI87C 15A0003 
Number: 

Cylinder CC442061 
Number. 

Laboratory: ASG - LaPorte M1x (SAP) - TX 

Analysis Apr 30, 2014 
Date: 

Lot Number: 126-400357()98-1 

Expiration Date: Apr 30, 2017 

Airgas USA, LLC 
6 16 ~Wieo Cut 0" Road 
Laporlo. TX 77571 
(281)842.0900Fex (281)471·2518 
www a1rgas.com 

Reference Number: 126-400357698-1 

Cylinder Volume: 145.4 CF 

Cylinder Pressure: 2015 PSIG 

Valve Outlet: 590 

Product composltnl .;ed'e;J 17) direa: ccroansoo to cal bration standards traceable to N.J.S. T. weights and/or N.I.S.T. 

Component Requested 

Gas M xbre reference materials. 

A.1~ALYTICAL RESULTS 
Actual Concentration 

Concen1ration (Mole %) 

ETHYLENE 

OXYGEN 

NITROGEN 

Notes. 

12.00% 

LUBBOCK OXYGEN & MEDICAL GASES 

Page 1 of 126-400357698-1 

1002 PPM 

12.01 % 

Analytical 

Uncertainty 

+/-2% 

+/- 2% 



Airuas 
CERTIFICATE OF ANALYSIS 

Grade of Product: CERTIFIED STANDARD-SPEC 

Customer: LUBBOCK OXYGEN & MEDICAL 
GASES-LUBBOCK, TX 

Fart X03NI99C15A0040 
Number· 

Cylinder CC366978 
Number 

Laboratory ASG • LaPorte Mix (SAP) • TX 

Anatys1s May 07 2014 
Date 

Lot Number 126-400357687-1 

Expiration Date: May 07, 2015 

Airgas USA, LLC 
616 ,..~ller Cut OR Road 

Lapor1e, TX 77571 

(281)8d2 6U00 Fa> (281 ) ~71 -2518 

wvN' ahgas com 

Reference Number: 126-400357687-1 

Cylinder Volume: 144.4 Cubic Feel 

Cylinder Pressure· 201 5 PSIG 

Valve Outlet 350 

Product composition verified by drec:t comparison to cal.bration standanis tTaa:.ahle to 'U.S.T'. He~Qhts and/or N.LS.T. 
Gus MiXture reference materials. 

ANALITICAL RESULTS 
Component Re quested 

Concentration 

Actual Concentration 
(Mole "!.) 

SULFUR HEXAFLUORIDE 10.00 PP\.1 10.24 PPM 

ACETALDEHYDE 100 0 t>PO 9853 PPM 

NITROGEN 

Notes: 
LUBBOCK OXYGEN & MEDICAL GASES 

Approved for Release 

Page 1 of 126-400357687-1 

Analytical 

Uncerta inty 

+/- 5% 

+/- 2% 



C~TERPILLAR~ 

FEATURES 

Engine Design 
. Proven reliability and durability 

Shown with 
Option:ll Equipment 

- Ability to burn a wide spectrum of gaseous fuels 
- Robust diesel strength design prolongs lile and lowers 

owning and operating costs 
- Broad operating speed range 

Emissions 
- Rich bum engine design easily meets emission 

requirements 
- Meets U.S. EPA Spark Ignited Stationary NSPS 

emissions for 200718 and 2010/11 with the use of 
aftermarket AFRC and TWC 

Full Range of Att achments 
Large variety ol factory-installed engine anachments 
reduces packaging time 

Testing 
Every engine is full-load tested to enswe proper engine 
performance. 

Gas Engine Rating Pro 
GERP is a PC-based program designed to provide site 
performance capabilities lor C..1t" natural gas engines 
lor the gas compression irtduslfy. GERP provides 
engine data lor your site's altitude, ambient temperature, 
fuel, engine coolant heal rejection, performance data, 
installation drawings, spec sheets, and pump curves. 

G3306 
Gas Petroleum 
Engine 

108 CNA)/151 CT A> b kW 
[1 45 CNAl/203 <TA l bhpl 

1800 rpm 

0.5% 0 2 R3tlng 

CA~ ENGINE SPECIFICATIONS 
In-Line 6, 4-Stroke-Cycle 
Bore ............ .............. .. .. . 121 mm (4.75 in.) 
Stroke . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 152 mm (6.0 in.) 
Displacement . . . . . . . . . . . . . . . . . . . . . . 10.5 L (638 cu. in.) 
Aspiration ......... . ............ . Naturally Aspirated or 

Twoocharged-Aftercooled 
Governor and Protection ... . .... . .... Hydra-mechanical 
Combustion . . .. . .................... . .... . . . Catalyst 
Engine Weight, net dry (approx) ........ 948 kg (2090 I b) 
Power Density .... . .. .. ..... .. . 6.3 kg/kW (1 0.3 IM>hp) 
Power per Di:;placemenl. .. . .... ... ... .... .. 19.3 bhp/L 
Jacket Water Capacity . . . . . . . . . . . . . . . . . . 20 L (5.3 gal) 
Lube Oil System (refill) ............ .. . 45.1 L (11.9 gal) 
Oil Change Interval . ... ......... . ......... .. 750 hours 
Rotation (from flywheel end} . . . . . . . . . Counterclockwise 
Flywheel and Flywheel Housing ............ . SAE No. 1 
Flywheel Teeth ...... .... ............ . ........... 156 

Product Support Offered Through Global Cal Dealer 
Network 
More than 2,200 dealer outletG 

Cal factol)•-trained dealer technicians service every 
aspect of your petroleum engine 

Cat parts and labor wananty 

Preventive maintenance agreements available for repair
before-failure options 

S·O·~"' program matches yoUJ oil and coolant samples 
against Caterpillar set standards to determine: 
- Internal engine component condition 
- Presence of unwanted lluids 
- Presence of combustion by-products 
- Site-specific oil change interval 

Over 80 Years o f Engine Manufacturing Experience 
O.rer 60 years of natwal gas engine production 

Ownership of these manufacturing processes enables 
Caterpillar to produce high quality, dependable products. 
- Cast engine blocks, heads, cylinder liners, and flywheel 

housings 
- Machine CJitical components 
- Assemble complete engine 

WebSite 
For all your petroleum power requirements, visit 
YIIWI.catollandgas.cat.com. 



C.l.TERPILLAR~ 

STANDARD EQUIPMENT 

Air Inlet System 
Air cleaner - intermediate duty, dry 
Nr cleaner rain cap (shipped loo:;e) 
Service indicator 
Control System 
Governor - hydra-mechanical (optional on TA) 
Throttle control, mechanical 
Slide and lock (non-governed units) 
Cooling System 
Thermostaw and housing - full open temperature 

97' c (207° f ) 
Jacket water pump - gear-driven, centrifugal, 

non-sell -priming 
Aftercooler water pump - gear-<II iven, centrifugal, 

non-sell-priming 
Aftercooler core, lor treated water 
Exhaust System 
Exhaust manifolds, watercooled 
Exhaust elbow - dry, 127 mm (5 in) 
Flywheels and Flywheel Housings 
Flywheel - SAE No. 1 
Flywheel housing - SAE No. 1 
SAE standard rotation 
Fuel System 
Gas pressure regulator 
Requires 12-25 psi gas 
Natural gas carburetor 

OPTIONAL EQUIPMENT 
Charging System 
Battery chargers 
Charging alternators 
Charging alternators llufw agricultural engine 
Ammeter gauge 
Ammeter gauge and wiring 
Control System 
PSG Woodward governor 
Hydra-mechonical governor Uulw agricultural engines 
Vernier and positive locking control 
Cmburetor control removal 
Cooling System 
Nr-to-Air altercooler conve!Sion 
Aftercooler group 
Expansion tank 
Heat exchanger and expansion tank 
Radiators 
Blowe1 fans 
Suction fans 
Fan drives 
Fan adapters 
Belt lightener 
Exhaust System 
Flexible fittings 
Elbows 
Flanges 
Pipes 
Rain caps 
Mufflers 
Fuel System 
Catalyst conversion group 
Low pressure gas convemion 
Fuel filter 

G3306 GAS PETROLEUM ENGINE 
108 (NAl/151 (TAl bkW 1145 <NAI/203 tTAJ bhpl 

Ignition System 
Alttonic V ignition s)•stem 
Instrumentation 
Instrument panel, LH 
Oil pressure 
Coolant temperoture 
Hour meter 
Inlet air temperature 
Lube System 
Crankcase brealher - top mounted 
Oil cooler 
Oil filter 
Oil pan - lull sump 
Oil filler and dipstick 
Mounting System 
Shutoffs, 
Low o~ pressure 
High coolant temperature 
High inlet air temperature 
Overspeeds - 2 
Electtonic 
Mechanical speed switch 
Protection System 
See Mandatory Attachments 
General 
Paint - Cat yellow 
Crankshaft vibration dan1per and drive pulley 
Ulting eyes 

Ignition System 
Altronic Ill 
GSA shielded ignition 
Wiring harness 
Dual timing 
Instrumentation 
Gauges and instrument panels 
l ube System 
Lubricating oil 
Mounting System 
Vibration isolators 
Power Take-Offs 
Auxiliary drive pulleys 
Auxiliary pump 
Enclosed clutch 
Clutch suppon 
Flywheel stub shalt 
Front stub shalt 
Protection System 
Mechanical shutoff 
Starting System 
Air pressure regulator 
Air silencer 
Staning aids 
Battery sets - 12-volt, dry 
Battery sets - 24-volt, dry 
Battery cables 
Battery rack 
Gas starting motor 
Electric starting motor 
General 
Tool set 



C.i.TERPILLAR~ G3306 GAS PETROLEUM ENGINE 
108 (NA)/151 (TAl bkW 1145 <NAl/203 <TAl bhpl 

TECHNICAL DATA 

G3306 Gas Petroleunl Engine (0.5% O,Ratlng> - 1800 rpm 
DM5053-07 

Aspiration Naturally Aspirated 

Engine Power 
@ Hl0% Load bkW (bhp) 108 (145) 
@ 75% load bkW (bhp) 61 (109) 

Engine Speed rpm 1600 
Max Altitude @ Rated Torque and 

38"C (1 OO"f) m (lt) 0 
Speed Turndown @ Max A.ltitude, 

Rated Torque, and 38"C (100"f) '! .. 44 

AC Temperature ·c l"FJ NIA 

Emissions' 
NOx gJbkW-hr (glbhp-hr) 16.06 (13.46) 
co glbkW-hr (g/bhp-hr) 16.05 (13.46) 
NMHC g/bkW-hr (glbhp-hr) 130 (0.33) 
Exhaust 0

2 
'lb dry 0.5 

co, gJbkW-hr (g/bhp-hr) 651 (485) 
VOC" gJbkW-hr (glbhp-hr) 0.3 (0.22) 

Fuel Consumption ' " 
@ 100% Load MJA:lkW-hr (Btulbhp-hr) 11 (7775) 
@ 75%Load MJA:lkW-hr {Btulbhp-hr) 11.77 (8318) 

Heat Balance 
Heat Rejection to Jacket Water 

@ 1 00% Load bkW (Btuknin) 106.27 (6049) 
@ 75% Load bkW (Btuknin) 91 .99 (5236) 

Heat Rejection from Allercooler 
@ 100% Load bkW (Btu/min) NIA 
@ 75% Load bkW (Btuknin) NIA 

Heat Rejection to Exhaust 
® 100% Load bkW (Btuhnn) 84.98 (4837) 

(LHV to n• F I 25" C) 
@ 75% Load (LHV to 77") bkW (Btulmn) 66.01 (3757) 

(LHV to 77" F I 25" C) 

Exhaust System 
Exhaust Gas Flow Rate 

@ 100% Load m'/min (elm) 19.2 (678) 
@ 75% Load m'/min (elm) 15.06 (532) 

Exhaust Stack Temperature 
@ 100% Load ·c ("FJ 593.9 (11 01 ) 
@ 75% Lood ·c l"FJ 575 (1067) 

Intake System 
Air Inlet Flow Rate 

@ 1 OOo/o Load rn"/min (::elm) 5.89 (208) 
@ 7~o Load nl'/min (::elm) 4.73 (167) 

Gas Pressure kPag (psig) 10.3-69 (1.5-10) 

' at 100% load and speed, all values are listed as not to exceed 
.. Volatile organic compounds as defined in U.S. EPA 40 CFR 60, subpan JJJJ 
... 1503046/1 

DM52Q2::!24 
Turbocharged/A.ftercooled 

151 (203) 
113 (152) 

1800 

0 

33 

54 (130) 

22.22 (16.57) 
22.22 (16.57) 
0.24 (0.18) 

0.5 
685 (571) 
0.16 (0.12) 

11.46 (6098) 
11.95 (6444) 

158.9 (9045) 
132.4 (7534) 

9.05 (515) 
3.65 (208) 

117.62 (6695) 

90.39 (5145) 

27.47 (970) 
21.38 (755) 

573.3 (1064) 
554.4 (1030) 

8.64 (305) 
6.66 (243) 

62..7-172.4 (12-24.9) 
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C.i.TERPILLAR'' G3306 GAS PETROLEUM ENGINE 
108 <NAJ/151 (TAJ bkW 1145 <NAl/203 <TAl bhpJ 

GAS PETROLEUM ENGINE 

1------- 1539.7 (60.62) ------1 

0 

DIMENSIONS 

Length mm (in) 15()5 (59) 

Width mrn (in) 1208 (48) 

Height mm (in) 978 (39) 

Shipping Weight kg (lb) 948 (2090) 

RATING DEFINITIONS AND CONDITIONS 

Eflgine performance is obtained in aeoo~dance with SAE 
J 1995, 150304611 , BS5514/1, and DIN6271/ I 51an<lruds. 

Transient response data is acquired from an engine/ 
generator combination at normal operating temperature 
and in accordance with 1503046/1 standard ambient 
conditions. Aloo in accordance with SAE Jl995, 
65551411 , and OtN627111 standard reference 
conditions. 

1---- 977.7 (38A9) ----1 

1261 .4 (49.66) 

Note: General configuration not to be used for 
installation. See general dimension drawing 
5N-6097 for detail. 

Dimensions are in rnm (inches). 

Conditions: Power for gas engines is based on fuel 
having an l HVof 83.74 kJIL (905 Btufcu It) at 101 kPa 
(29.91 in. Hg) and 15° C (59" F). Fuel rate is based on a 
cubic meter at 100 kPa (29.61 in. Hg) and 15.6' C 
(60.1• F). Air flow is based on a cubic foot at 100 kPa 
(29.61 in. Hg) and 25• C (77" F). ExhaU51 flow is based 
on a cubic fool at 100 kPa (29.61 ln. Hg) and stack 
temperature. 

tll!twrial• and spocHi<:ziUrn~ " "' "'~ac.1 ro doanue wiU>Ota notlc" n ... lnlllrnatiorml Syst<im of Unh (SI) is u..:d in llll• pub'lO!!km 
CAT. CATrnPII.l..AR. liMit to!ipldiw logo• . S•O·S, -~~ill& Yof.<rw" llrld fhe "f'I)Wtlf Edy<t" blidu d•- riO wnll"" 

WfJll)n•fo rird product id~ntity u...cl her <in, ""' b ~ti<!JI'IIIIIc5 of Cllftw t:' llaJ tlnd rrllty nl)f I><> u..:d wiUltlut P'-""-

TMI R<llorurco No . OM5053·07, OM52a2-o4 
L81'h'002.6-00 (1 1~) 
S'4J""'"""" LOtW7!i66-Q1 

C/2009 Cultlltllb! 
A!t siglus 1'""-"Vad 



Weather History for KPEO 
Nearest airport to Pecos, TX. 

Tuesday, August 18,2015 

Tt•mpen1lure 
l\·!ean ·r empernture 
(\1~~ '] <'lll]Rnt(ll!'C 

Min Tcmpl:'r~tun: 
Cooling Degree DayH 
()rowing Dcgrc<' Days 
l\loislurr 
Dew l'oin1 
.-\vcragc !-lmnidity 
l\·1aximumllumidit:> 
Minimum llumidity 
Precipitation 
l'redpitalion 
Sea Lrnl Pressurr 
Sea l.evcl Pressure 
Wind 
Wind Speed 
Ma.\ Wind Speed 
Max Gust Speed 
Vbih1!ily 

i\ctunl 

87''1' 
103 "F 
71 '-'F 
22 
J7 (Base 50) 

0.00 in 

29.81 in 

9mph(ESE) 
20 mph 
26mph 
I 0 miles 

Ewnts rhundctslorm 

Avera es and records for this station are not official NWS values. 
·· 'lt~cc ofl'rccipita1ion, 1\!r>.! - l\'lissiug Va!u,· 

97 
67 T 

]{ecorJ 

I 09 '·F II 071\) 
59T (1967) 

-II 

Sour~e: NWS Daily Smnnt~ny 
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TRACEANALYSIS 
E MISSIONS TESTING LLC 

6701 Aberdeen Ave, Ste. 9 Lubbock, TX 79424 (800)-378-1296 
Chase.leftw ich@traceana lysis. com 

40 CFR Part 60, Subpart JJJJ 
Performance Test Report 

Test Date: 8-17-2015 

Source: 
Unit: State Dela 

Engine Type: CAT 3306 NA 
Engine SN: R6S03934 

Location: 31.782114, -104.030438 

Prepared on behalf of: GHD 

Dr. Blair Leftwich 
Chase Leftwich 

8/27/15 

Date 



Definitions: 
Fourier Transform Infra-Red {FTIR): A spectroscopic instrument using the infrared portion of the 
electromagnetic spectrum to obtain the absorption spectrum as function of frequency. 

Calibration Transfer Standard {CTS): A certified calibration standard used to verifY the instrument stability, 
when conducting sampling. 

Minimum Detectable Concentration {MDC): The minimum concentration of a compound that can be detected 
by an instrument with a given statistical probability. 

Parts Per Million wet {PPMw) 

Parts per Million corrected {PPMc): The indicated sample is conected to 15% 02. 

1.0 Summary 

A CAT 3306 NA Compressor natural gas fired engine located at Lat: N 31.782114, Long: W -104.030438 and 
owned or operated by BHP was tested for emissions of Carbon Monoxide (CO), Oxides of Nitrogen (NOx), 
Volatile Organic Compounds (VOC's) and Formaldehyde (CH20). The test was conducted on 8/17/15 by 
TraceAnalysis Emissions Testing LLC. The test was conducted using a Fourier Transfonn Infra-Red (FTIR) gas 
analyzer, following reference method ASTM D6348-D3 as incorporated by reference in 40 CFR Part 60.17. All 
quality assurance (QA) and quality control (QC) tests required in this method were followed and were within 
acceptable tolerances (Reference Tables 3 and 4 and Appendix A). Reference Methods 1-4 (Table I) were utilized 
to detennine the exhaust flow rate. Reference Method 3A (Table I) is used to detennine the Oxygen content. A 
certified thennocouple detennined the stack temperature. The exhaust flow measurements were taken at the point 
of sampling. The moisture content and Carbon Dioxide (C02) were measured throughout the test by the FTIR. 
The engine brake horsepower was either provided by the operator or was detennined through the use of 
manufacturer's specifications. All tests are conducted at 90% or greater load or at maximum achievable load 
based upon the current condition at the time of testing. Barometric Pressure was recorded by the FTIR Analyzer 
and the atmospheric conditions were logged via internet from the closest weather station with official NWS 
(KBGD) data to the test site. 

Table 1· Reference Methods 
NOx Method 7E 
co Method 10 
02 Method 3A 
Flow Method 1-4 
ASTM D6348-03 FTIR 
Moisture FTIR 

2.0 Results 

The exhaust stream was sampled for three-one hour runs. The exhaust was analyzed by a Fourier Transform 
Infrared (FTIR) analyzer. The results from the FTIR were captured by data logging software which also perfonns 
the required algorithms. Exhaust temperatures are presented in Table 2. The target analyte concentrations from the 
CAT 3306 NA Compressor natural gas fired engine, serial number R6S03934 were compared with the emission 
limits in 40 CFR Pmi 60 subpart JJJJ. 
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Table 2: Summary of Results 

location:! s tate De l a Company:~G~H=D~------------------------------------------------------------------~ 

Date Tested:c::l8"-'/1::..:7:..;/2::..:0:.=1::.5 ______ .....J Engined3306NA 

Carbon 

monoxide 

(average) 

Nitrogen 

PPMc @ oxide NO, 

Run No. Units 15% o, (average) Units 

1 

2 

3 

Overall 

487 ppm 138 

594 ppm 168 

568 ppm 160 

550 155 

p 

I 

Average HP for runs 

Pi tot Tube Coefficien t, C 

Stack static pressure, P 

Atmospheric pressure at location 

Stack temperature 

Stack diameter 

. Stack pressure, P 

~=Molecular Weight Stack Gas, dry basis 
M, =Molecular Weight Stack Gas, wet basis 

Stack veloci ty 

.r Stack Flow Rate, Q 

Factors Used 

85.491 

164 ppm 

177 ppm 

172 ppm 

171 

Nitrogen oxide NO, 

0.29 

090 
lWhp·hr 

1451 

1.00, 

0.73 in H20 

914 mbar 

537 ' c 

5 inches 

27.05 in Hg 

30.1 lb/lb-mol 
27.91 lb/lb-mol 

101.00 ft/sec 

13.8 cfs 

s 

Conversion Factor, Kp 

One lb-mole of id eal ga 

Ideal Gas Constan 

Standard Temperature, Tstd 

Standard Pressure, Ps td 

Grams/lb 

386 113 
lv=RT/P 

t 0.730241 ft' atm 'R.1 1b·mol'1 

528 ' R I 
29.92 in Hg I 
453.6 grams I 

Engine I Compressor Parameters 

Manifold Ambient 
Pressure Pressure 

Run No. (in Hg) RPM Suction Discharge (mbar) 

52 1698 23 44 914 
2 52 1698 23 44 914 

3 52 1698 23 44 914 

Average 52 1698 23 44 914 

I 

Serial No:I~.:.R:.::6S::..:0=3.::;934:..;_ __________ ___...J 

PPMc@ VOC 

15% o, (average) 

46 0 

so 0 

49 0 

48 0 

Units 

ppm 

ppm 

ppm 

Test Run Start 

Times 

14:50 

15:53 

16:56 

VOC 

0 .00 

0.00 
0.71lhp·hr 

0.0537 in Hg 

26.9935 in Hg 

999 ' F 1458 ' R 

0.417 feet 0.136 ft2 

Eq 3·1 RM3 
Eq 2·6 RM2 

Wet Basis Dry Basis 

16227.0 SCFH 14249.9494 DSCFH 

Stack Stack 
Percent Diameter Elevation 
of load (inches) (inches) 

94 5 24 

I 
I 

I 

[ 

Test Run 

Finish 

Times 

15:50 

16:54 

17:56 

Average ! 

Stack 

Velocity 

(It/sec) 

101.00 I 

Test 

Dura tion 

(minutes) H
2
0 %d 

60.2 11.2 

60.2 12.6 

60.2 12.7 

60.2 I 12.2 

Upstream 

Stack Stack, A 

Temp ('C) (inches) 

537 I 18 

ll P,.d 

co,%d 02 %d in H20 T, ('C) 

7.3 0 0.73 ~ 
7.9 0 0.73 ~ 
7.6 0 0.73 225 

I 7.6 I o.oo I o.73 225 

Upstream 

Stack, B 

(inches ) 

22 



3.0 Test Quality Objectives 
Table 3 summarizes the test quality assurance parameters used to evaluate original manufacturer minimal 
detectable concentrations for compounds Acetaldehyde, Ethylene and Nitrogen which can be found in Table 4 in 
section 4.1 Pre-Test Procedures. The FTIR evaluates known spectra in order to determine the Minimal Detection 
Concentration (MDC) for the Target Analytes listed in the table below. 

Table 3· FTIR Analysis and MDC 
Compounds Infrared Analysis Expected Measurement Required 

Region (em -I) Concentration Range System Achievable Measurement 
(ppmv) Minimum Detectable System Accuracy 

Concentrations and Precision for 
(ppmv) Test Application 

Target Analytes 
co 1945-2146 0-1000 >I I 
NO 1884-1989 0-300 >I I 
N02 2478-2995 0-300 >I I 
voc 850-1200 0-100 >I I 

2550-2995 
3018-3450 

Interfering Infrared Analysis Expected Measurement 
Compounds Region (em -I) Concentration Range System Achievable 

(%) Minimum Detectable 
Concentrations (%) 

C02 870-1150 0-15 0.1 
Water Vapor 3200-3401 0-25 0.2 

4.0 Quality Assurance 

4.1 Pre-Test Procedures 
All reference methods pre-test procedures produced results that were within the acceptable limits of the Reference 
Method ASTM D6348-03 which is the Reference Method used to conduct this 40 CFR 60 Subpart JJJJ test. Data 
generated during the pre-test procedures are summarized in Table 4. Results of individual quality assurance 
checks are presented in Appendix B to this report. 

a e : e erence met o T bl 4 ASTMR f h dQA/QC S ummary 
Parameter Gas Concentration Path Equilibration Dilution % 
Measured Length Time Factor Recovery 

Path Length Ethylene 100.2 ppm 5.0 n/a n/a n/a 
Mechanical Ethylene 100.2 ppm nla 46 sec. n/a n/a 
Response 

Time 
System Acetaldehyde 95.1 n/a 46 sec. n/a n/a 

Response Time 
Analyte Acetaldehyde 99.6 n/a 53 sec. 9.9 99 
Spike 9.9 100.8 

Recovery 9.8 98.9 
System Zero Nitrogen (UHP) n/a n/a 54 sec. n/a n/a 
Oxygen span High-20.9% PRE <5% Drift held 

Check 02 0 to High 44 sec. for 60 seconds 
Response Mid~15% High to Mid 27 sec. @each level 

times Low= Ultra 
High Pure Post 
Nitrogen OtoHigh 37 sec. 

High to Mid 34 sec. 



5.0 Test Runs and Duration 

Three separate !-hour test runs were perfmmed. The final reported analyte concentrations are the average of each 
I hour test run. Data was taken at 20 second intervals. Each 20 second measurement was the average of 200 gas 
stream samples. A complete data listing of these averages is attached as Appendix D. 

6.0 Post-test Quality Assurance 

The post-test quality assurance Calibration Transfer Standard (CTS) shows the FTIR instruments stability by 
perfonning aCTS Direct test which can be compared to the same test perfonned in the Pre-Test QA/QC 
procedures (Step 7 in Appendix B. This data establishes the analyzer was working properly and performed as it 
should throughout the process.) Table 5 shows the results of CTS direct. 

Table 5: Post Test CTS QA/QC results 

Post-Test QA/QC Results 

Step: 24 Post CTS Direct to Analyzer 
CTS Bottle Concentration 100.2 ppm 
CTS Compound. CTS Round Concentration Aver 102.27 ppm 
Tolerance 5.1 
Difference between measured and expected (2.07) 
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7.0 Additional Information and Reporting 

Following is a Schematic Diagram of the sampling system utilized during the testing process. 
The testing instrumentation is housed in an enclosed vehicle which is located approximately 30 feet from the 
source. A heated sample line (30 feet in length) is attached to the inlet of analyzer system and the source effluent 
discharges through the FTIR outlet. 

ll> .1()(10 
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Draw1ng Ia nol of actual unll lesled This is only an example of emissions lesllng polnla 

A d' A C l'b ti G ,ppen IX : a 1 ra on as 
Zero Gas Ultra High Purity Nitrogen (UHP) 
Spike Gas Acetaldehyde/SF6 Tracer 

NO balance 
CTS Ethylene 

NO balance 
Oxygen Mid-range 
Oxygen High-range 

*Calibration Gas Certificates are attached 

99. 9% Pure 
98.53 ppm/ I 0.24 SF6 

100.2 ppm 

15% 
20.9% 



Appendix B: Pretest QA/QC Results 

Pre-Test QA/QC Results 

Pre-Test Baseline Results Average Residual 
001 WatervaporH20 -0.05 0.0002 

002 Carbon dioxide C02 0.15 0.0002 
003 Nitrogen monoxide NO 0.03 0.0001 

201 NOx 0 0.0001 

202 voc 0 0 

CTS Direct to Analyzer 

CTS bottle concentration 100.2 ppm 

CTS Compound. CTS Round Concentration Average 96.4 ppm 

Tolerance 5.1 

Difference between measured and expected 3.8 

Pre-Test System Zero Average Residual 
Carbon Monoxide 0.35 0.0001 

Nitrogen monoxide 0 0.0001 

Nitrogen dioxide 0.00 0.0002 

NOx 0.00 0.0001 

VOC 0 0.0002 

Pre-Test System CTS & Mechanical Response Time 
Mechanical Response time 42 seconds 

CTS Bottle Concentration 100.2 ppm 

CTS Compound. CTS Round Concentration Average 96.5 ppm 

Tolerance 5.0 

Difference between measured and expected 3.7 

System (Equilibration) Response Time Target (Spike) 
Equilibrium response time 43 seconds 

Spike reported 99.87 

Spike expected 98.53 

System (Zero) Response Time 
System zero response time 45 seconds 

System response time 47 seconds 



APPENDIXC 

Calculation Sample Sheet Example 

Flow Volume - Q 

Q=3600 ( 1-Bw )VsA((T smPs)/(T S(ABs)Psm)) 

0=(3600)(1-11.7 /1 00)(80.11 )(0.049)((528)(0.0339)/(897)(29.92)) 
Q=6503 DCSFH 

Grams/HP-Hr sample calculation for Run 1 

NOx 
ER= C/1.912*0.001*Q*0.028*T 213*1.912*0.001*6503*0.028*1 = 0.37 g/HP-hr 

200 HP-hr 

co 
ER= Cct·1.164*0.001 *Q*0.028*T 13*1.164*0.001*6503*0.028*1 = 0.01 g/HP-hr 

200 HP-hr 

voc 
ER= Cct*1.833*0.001 *Q*0.028*T 43*1.833*0.001 *6503*0.028*1 = 0.07 g/HP-hr 

200 

ER= 

Cct= 
HP-Hr= 
Q= 
T= 

Ps= 

Ts(ABs)= 

Tsm= 
Psm= 

A= 

Vs= 
Bw= 

HP-hr 

Emission Rate measured in Grams per Horsepower hour 
Measured Parts Per Million on a dry basis 
Brake Horsepower 
Stack gas volumetric flow rate in dry standard cubic meter/hr 
Time of Test Run in Hr. 
Absolute Stack Pressure, in Hg 

Absolute stack temperature, 0 R 

Standard absolute temperature, 528 °R 
Standard absolute pressure, 29.92 in Hg 

cross-sectional area of stack, ft2 

average stack gas velocity (ft/sec) 
water vapor in gas stream, per cent 

Equations published in 40 CFR Part 60.4244 



Appendix D: Run Summary Data 

Summary Source 1 Run 

H20 Residua C02 Residua co Residua No Residual 
!Baseline 0.03 0.0002 -0.08 0.0001 2.14 0.0001 0.48 0.00011 
I Source 11.22 0.0058 7.29 0.0018 487.47 0.0106 159.06 0.01021 

Summary Source 2 Run 

H20 Residua C02 Residua co Residua No Residual 
I Baseline 0.02 0.0002 -0.33 0.0001 2.3 0.0001 0.49 0.00011 
Jsource 12.59 0.0062 7.91 0.0020 594.14 0.0124 175.07 0.01081 

Summary Source 3 Run 

H20 Residua C02 Residua co Residua No Residual 
!Baseline 0.03 0.0002 -0.37 0.0001 2.3 0.0001 0.52 0.00011 
I source 12.74 0.0061 7.65 0.0022 568.49 0.0120 171.53 0.01081 

Summary Source 1 Run 

N02' Residua CH4 Residua N20 Residua NH3 Residual 
!Baseline 0.26 0.0002 0 0.0001 0 0.0001 0.73 0.00011 
]source 4.49 0.0094 9.04 0.0019 2.20 0.0116 30.31 0.04961 

Summary Source 2 Run 

N02' Residua CH4 Residua N20 Residua NH3 Residual 
\Baseline 0 0.0002 0 0.0001 0 0.0001 0.74 0.00011 
I Source 1.58 0.0068 11.99 0.0019 2.79 0.0132 25.30 0.05471 

Summary Source 3 Run 

N02' Residua CH4 Residua N20 Residua NH3 Residual 
!Baseline 0 0.0002 0 0.0001 0 0.0001 0.6 0.00011 
jsource 0.78 0.0064 12.57 0.0022 2.70 0.0124 24.23 0.05431 

Summary Source 1 Run 

Ethylene C2H4 Residua Ethane C2H6 Residua Formaldehyde HCOH Residua Acetaldehyde CH3CHO Residual 
!Baseline 0.02 0.0002 1.62 0.0001 0.01 0.0001 0.74 0.00011 
!Source 9.04 0.0038 50.61 0.0019 50.61 0.0033 0.13 0.05431 

Summary Source 2 Run 

Ethylene C2H4 Residua Ethane C2H6 Residua Formaldehyde HCOH Residua Acetaldehyde CH3CHO Residual 
I Baseline 0.2 0.0002 2.01 0.0001 0.04 0.0001 0.49 0.00011 
I source 11.99 0.0020 58.28 0.0019 1.23 0.0034 O.D7 0.05471 

Summary Source 3 Run 

Ethylene C2H4 Residua Ethane C2H6 Residua Formaldehyde HCOH Residua Acetaldehyde CH3CHO Residual 
I Baseline 0.2 0.0002 1.8 0.0001 0.04 0.0001 0.52 0.00011 
!Source 12.57 0.0019 56.74 0.0022 1.42 0.0034 0.07 0.05431 



Summary Source 1 Run 

Sulfur Hexafluoride SFE Residua NOx Residua voc Residua Ambient Pressure Residual 
!Baseline 0.02 0.0002 0.74 0.0001 0 0.0001 912 ol 
I source 1.33 0.2227 0.00 0.0000 0.00 0.0000 911 ol 

Summary Source 2 Run 

Sulfur Hexafluoride SFE Residua NOx Residua voc Residua Ambient Pressure Residual 
!Baseline 0.2 0.0002 0 0.0001 0 0.0001 911 ol 
\Source 1.27 0.2446 o.oc 0.000 0.00 0.0000 910 ol 

Summary Source 3 Run 

Sulfur Hexafluoride SFE Residua NOx Residua voc Residua Ambient Pressure Residual 
!Baseline 0.2 0.0002 0 0.0001 0 0.0001 910 ol 
I source 1.32 0.2392 0.00 0.0000 0.00 0.0000 910 Ol 

Summary Source 1 Run 

Oxygen Residua Sample Cell Temp.°C Residua 

!Baseline 0 0.0001 180 0 

!Source 0.00 0 180 0 

Summary Source 2 Run 

Oxygen Residua Sample Cell Temp. oc Residua 

!Baseline 0 0.0001 180 0 

I source 0.00 0 180 0 

Summary Source 3 Run 

Oxygen Residua Sample Cell Temp.°C Residua 

!Baseline 0 0.0001 180 0 

!source 0.00 0 180 0 



.. 

Airgas. 

CERTIFICATE OF ANALYSIS 
Grade of Product: CERTIFIED STANDARD-SPEC 

Customer: LUBBOCK OXYGEN & MEDICAL GASES -
LUBBOCK , TX 

Part X03NI87C 15A0003 
Number: 

Cylinder CC442061 

Number. 

Laboratory: ASG - LaPorte Mix (SAP) - TX 

Analysis Apr 30, 2014 
Date: 

Lot Number. 126-400357§98-1 

Expiration Date: Apr 30, 2017 

A irgas USA, LLC 
616 Miller Cot Off Road 

Laporte, TX 77571 

(281) 842-6900 Fox (281) 47 1-2518 

\'IWN atrgas.com 

Reference Number: 126-400357698-1 

Cylinder Volume: 

Cylinder Pressure: 

Valve Outlet: 

145.4 CF 

2015 PSIG 

590 

Product compa51ban vesi'ed bf direct all'1pi!TlSOO tD calibration standards traceable to N.l.S. T. weights and/or N.I.S. T. 

Component Requested 

Gas MtxbJre rererence materials. 

ANALYfiCAL RESULTS 
AcruaJ Concentratioo 

Concentration (Mole %) 

ETHYLENE 100.2 PPM 

OXYGEN 12.00% 12.01 % 

NITROGEN 

Notes: 

LUBBOCK OXYGEN & MEDICAL GASES 

Page 1 of 126-400357698-1 

Analytical 

Uncertainty 

+/-2% 

+/- 2% 
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Airuas 
CERTIFICATE OF ANALYSIS 

Grade of Product: CERTIFIED STANDARD-SPEC 

Customer: LUBBOCK OXYGEN & MEDICAL 
GASES-LUBBOCK, TX 

Fart X03NI99C15A0040 
Number: 

Cylinder CC366978 
Number 

Laboratory· ASG - LaPorte Mix (SAP) - TX 

Analys1s May 07 2014 
Date 
Lot Number. 126-400357687-1 

Expiration Date: May 07, 2015 

Ai rgas USA, LLC 
616 M•llo r Cui Off Road 

lapo~e. TX 7757 1 
(281) 842-6900 Fax (281)471 2518 
W\',w alrgas.com 

Reference Number: 126-400357687-1 

Cylinder Volume: 144.4 Cubic Feet 

Cylinoer Pressure: 2015 PSIG 

Valve OuUet· 350 

Product composition verified by <frect comparison to cal.bration standards traceable tD .1.5.~. we.ghts and/or N.I.S.T. 
G.u t-1ixture reference materials. 

ANALYfiCAL RESULTS 
Component Requested 

Concentration 

Actual Concentration 
(Mole%) 

SULFUR HEXAFLUORIDE 10.00 PP2.:. 1024 PPM 

ACETALDEHYDE 100 0 9853 PPM 

NITROGEN 

Notes: 
LUBBOCK OXYGEN & MEDICAL GASES 

Approved for Release 

Page 1 of 126-400357687-1 

Analytical 

Uncertainty 

+/- 5% 

+/- 2% 
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C.ATERPILLAR~ 

FEATU RES 

Engine Design 
• Proven rehllbility and durllbillty 

Shawn w"h 
OplkmaJ (:quipnWIII 

• Ability to bwn a \Vide spectrum of !JQSBOU8 fuels 
- Robust diesel atrength design prolongs me :md lowers 

owning 3lld operating costs 
- Brood operating speed range 

Emissio n a 
- Rich b urn engine d9Sign easily meats emission 

requirements 
- Meals U.S . EPA SJXUk Ign ited Stationary NSPS 

amissiona for 2007/8 and 2010/1 1 with the use of 
aftermarket AFRC 3lld TWC 

Full Range of Attachments 
L:uge vwiety of l:lctDiy-inai:IUed engine att.:~dlments 

reducsa packaging time 

Test ing 
Every angina is full- food tested to ensure p roper engine 
perform:mce. 

Gas Engine Rating Pro 
G ERP is a PC-based progr.:~m designed to provide site 
perform:mce C3pllbilitiaa lor Ca~ n ntu rlll g as enginBS 
for the gas compression industry. GERP provides 
engine data for your site's altitude, a.mbi.ent tempemture, 
fuel, angina oool:ml hsat rejection, perform<~nce dt~t:l.. 
installation d ra\Vings, apec sheets, 3lld pump curves. 

G3306 
Gas Petroleum 
Engine 

l OB !NAl/151 <TAl bkW 
1145 <NAI/203 (TA) bhpl 

1800 rpm 

0.5% 0 2 Rating 

CAT• ENGINE SPECIFICATIONS 

In-Line 6 , 4-Strok&-Cycl e 
Bora .... . .. . . . . . . . . . . . . . . . . . . . . . 121 mm (4. 75 ill.) 
Stroke . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152 mm (6.0 n ) 
Displacement. ...... . .............. 10.5 l (638 cu. in.) 
Aapiration .... . .......... ... .. . .. Naturally Aapirated or 

Turboch<lrggd-Aftercooled 
Governor 3lld Protaction . ........... . Hydra-Jll9Chanictll 
Combustion .. .... _ .. .. _ .. .. .. . __ ... . __ .. . .. C~talysl 
Engine W..ighl net dry (approx) ...• .. .. 948 kg (2000 lb) 
Power Density . ................ 6.3 kglkW (10.3 lblbhp) 
Pow'Eir per Di~tplncement •.•.....•.. ..... . . . . 19.3 bhpll 
Jacket Water Capacity . . . . . . . . . . . . . . . 20 l (5 .3 g:JJ) 
Lube Oil System (refill) . . . . .. .. . . . .. . 45.1 l (11.0 gal) 
O il Ch:mga Interval .. .. . .. .. .. . .. .. . . ...... 750 hours 
Rotation (from flywheel end) . . . . . . . . . Counterclock\Yise 
Flywheel 3lld Fly\'lheel Houaing ... .... .. .... SAE No. 1 
Ry..t\ael Teeth .............. .... .... .... .. ...... 156 

Produ ct Supp orl Offered Through Global Cat Dealer 
Network 
Mme than 2.200 denier outlets 

Cat factory-trained dea!B< tedlnicians service every 
aspect ol your p9Uoleum engine 

Cat parts and labor warranty 

Preventive m:Un.tenanca agreements av.:~i l able lor repair
before-foil.uJ:e options 

S·O·S"' program m:m$ es your oil and coolant samples 
ag11inat Caterpillar set st3lld:uds to determine: 
- lntemnl engine component oond~ion 
- PI!Baence of unwanted lluids 
• Proaence of combustion by-products 
• Site-specific o il dl:mge inten~al 

Over 80 Years of Eng ina Manufacturing Experience 
0v9f 60 years of natuml gas engine production 

Ownership of the3e manufacturing processes enabl9s 
CaterpillaJ to produce high quality, dependable producl8. 
• Cast engine blodts. heads, cyfinder line rs. :md fly.Yheel 

housings 
- M:odline cr itic<ll components 
- Amemble complete eng'ne 

Web Site 
For aU your patlolaum power requirements, lliait 
\11\WI.cntoilandgas.cnt.com. 
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C~TERPILLAR' 

STANDARD EQUIPMENT 

Ai r Inl et System 
Air c:l&aner - intermediate duty, dry 
Air cleaner rain cap (shipped looae) 
Service indic:ltor 
Control System 
Governor - hydra-mechnnJC:II (opcional on TA) 
Throttle control, mech:mical 
Sfide :md lock (non-governed unit&) 

Cooli ng System 
Thermoat.:lta and houM\g - fuU op;m temperature 

97• C (207• F) 
J3Cket water pump - gear-driven, centrifugal, 

non-aell·p1iming 
Aftercooler water pump - gear-driven, cenu ilug:ll, 

non-aeH-p1iming 
Aftercooler core. for treated water 
Exhaust Syetem 
Exhaust !1\QI\i folda, watercooled 
Exhaust elbow - d ry, 127 mm (5 in) 

Flywheels and Rywheel Housing s 
Flywheel - SAE No. 1 
Flywheel housing - SAE No. 1 
SAE st:mdard rotation 
Fuel System 
Gas p resaure regulator 
Requires 12-25 p ei gas 
NBtural gas carburetor 

OPTIONAL EQUIPMENT 
Chargin g System 
B:lttery cho.rgera 
Charging :lltern11tora 
Charging alternatorallulw agricuhural engne 
Ammeter gauge 
Ammeter g11uge and wiring 
Control System 
PSG Woodward governor 
Hydra-mechanic:ll governor UuJv1 ogrocuhural enginea 
Vernier ~~nd poai1ive locking conuol 
Carburetor oontrol removal 
Cooling System 
Air-to-Air aftaroooler oonvarsion 
Afteroooler group 
Expansion tank 
Heat exchanger and expansion t:mk 
Radiators 
Blower fans 
Suction fQJ\8 
Fan drivea 
Fan ado.plera 
Beh tightener 
Exhaust System 
FlelCbla frttinqa 
8bo\'13 
Flanges 
Pfpea 
Rain caps 
Mufflers 
Fuel System 
Co.talyat conversion group 
Low presaure gas conversion 
Fuel l1har 

G3306 GAS PETROLEUM ENGIN! 
108 (NA>/151 ITA) bkW 1145 ( NAl/203 <TAt bhpl 

Ignition System 
AJuonic V ignition system 
In strumentation 
lnstrm~ent pane~ LH 
Oil pressure 
Coolant tarnpar11tu.re 
Hcrur meter 
In let air temperature 
l ube System 
Q 3!\llcasa b r81lth&r - top mounted 
Oil cooler 
Oil fiher 
Oil pan - fu ll sump 
Oil filter :md drpstick 

Mounting System 
Shutoffs 
Low oil p roosure 
Hgh ooolnnt tempera.ture 
Hgh .,let air temperature 
Overapeeda - 2 
Elecuonic 
Mech:mical speed sw itch 
Protection System 
See M:lndatory Atta.chrnenta 
Genw al 
Paint - Cat yellow 
Q3!\llaho.ft vbmtion d4mper :md drrve puUey 
Uhing eyaa 

Ignition System 
Altronic lll 
CS A shielded ignition 
Wiring h:uness 
Ounl timing 
Instrumentation 
Gnugea :md instrument panels 

Lube System 
Lubcicating o il 
Mounting System 
Vibcation iaol:lto111 
Power Tak&-Otfs 
Auxiliary d rive pulleys 
Auxiliary pump 
Enclosed cl\rtch 
Clutch support 
Flywheel stub sho.ft 
Front stub shaft 

Pro tection System 
Mech:lllical shutoff 
Starling System 
Air pre38Ure regulo.tor 
Air silencer 
S14rting aida 
Battery sets - 12-voll, dry 
Battery seta - 24-voiJ, dly 
Battery cables 
Battery rack 
Go.s at3rtilg motor 
Electric sto.rfug motor 
Gen eral 
Tool set 
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C..I.TERPILLAR" G3306 GAS PETROLEUM ENGINE 
108 (ffAJ/151 (TA> b kW l145 1NA>/263 tTA> bhpJ 

TECHNICAL DATA 

G3306 Gas Petroleum Engine !0.5% o . Ratingl - 1800 rpm 
DM5053-07 

Aspirat ion Natumlly Aapiraled 

Engine Power 
® 100%lo:~d bkW (bhp) 108 (145) 
@ 75% Load bkW (bhp) 81 (100) 

Engine Speed rpm 1800 
Max Altitude @ Rated Torque :u'ld 

38"C (100'F} m(it) 0 
Speed TurndO'I'm @ Max Affitude, 

Rated Torque, and 33'C (100'F) % 44 

AC Temperature ·c ('FJ W A 

Emissi ons' 
NOx gJbkW-ttr (glbhp-hr) 18.0 8 (13.48) 
co glbkW-ttr (gA>hp-hr) 18,0 5 (13.46) 
NMHC gA>kW-ttr (g•bhp-hr) 130 (0 .33) 
Exh:~ust 0 , c;•dry 0.5 

co. glbkW-ttr (glbhp-hrl 651 (485) 
VOC" glbkW-ttr (gA>hp-hr) 0 .3 (0.22) 

Fuel Con sumption"' 
® 100~<. lood MJA>kW-hr (Btulbhp-hr) 11 (7775) 

® 75% load t.tJA>kW-hr (Btulbhp-hr) 11.n (8318) 

Heat Balance 
Heat Raj action to Jncket Water 

® 100% Load bkW (Btu/min) 106.27 (6049) 
® 75% l ood bkW (Btu/min) 91.90 (5236) 

Heal Rejaction trom Afterooolar 
@ 100%load bkW (Btu/min) N/A 
@ 75% load bkW (Btulmin) N/A 

Heat Rejection to Em:~uat 
@ 100% Load bkW (Btulmn) 84.08 ( 4837) 

(LHV to 77" F J 25' C) 
® 75% l ood (LHV to 77") 

bkW (Btulmn) 66.01 (3757) 
(LHV to 77' F I 25' G) 

Exhau st System 
Exhauat Goa Flow RAta 
® tO~. l oad m•tmin (cfm) 19 .2 (678) 
@ 75% lood m•tmn(cfm) 15.06 (532) 

Exhaust Sl:ldt Temperatura 
@ toO~;. l oad ' C ("F) 503.0 (11 01) 
@ 75% l 03d 'G ("F) 575 (10671 

Intake System 
Ai r Inlet Flow Rat.e 

@ 100%load m•tmn (scfm) 5-80 (208) 
@ 75~. load m"'mn(scfm) 4.73 (167) 

G.a• Pressure kPag(paig) 10.3-00 (1.5-10) 

' at 100% load and apead, aU valuas :ue listed as nollo e~-ceed 

" Volntile orgll!lic compounds aa defined in U.S. EPA 40 CFR 60. subpo.n JJJJ 

' " ISO 304611 

DM5202~4 

Turbocharged!Afteroooled 

151 (203) 
113 (152) 

1800 

0 

33 

54 (130) 

22.22 (16.57) 
22.22 (16.57} 
0 .24 (0 .18) 

0 .5 
685 (571) 
0.16 (0.12) 

11 .4 6 (8098) 
11.9 5 (8444) 

158.9 (0045) 
132.4 (7534) 

0.05 (515) 
3 .65 (208) 

117.62 (6695) 

110.39 (5145) 

27.47 (970) 
2 1.38 (755) 

573.3 (1064) 
554.4 (1030) 

8 .64 (305) 
!1.88 (243) 

82.7-172..4 (12-24.0) 



C.lTERPILLAR. G3306 GAS PETROLEUM ENGINE 
100 (NM!tS1 <TAl bl!W £145 <N.Al/203 UAl bhpl 

GAS PETROLEUM ENGINE 

DIMENSIONS 

Length mm{in) 1505 (501 

Wdlh mm {in) 1208 (481 

Height mm{in) 078{301 
Shipping Weight kg (ID) ... (20001 

RATING DEFINITIONS AND CONDITIONS 
Engin& periorm.ru'1oC& is obtlliMd in accotd:mce with SAE 
J1995, 150304611. BS55f4!1. and DIN6271/1 standards 

Transient 1$epor;38 data ia acquired from :m engine/ 
generator combination at normat opo91trting tempaoratur£< 
and in accordance with IS030461t standard ambient 
conditions. Also in accordance with SAE J1005. 
BS551411, and DIN6271!1 standard refereneil 
conditions. 

l---9n.7(!HI.49}--~I 

Note: Ge!)9ml configuration not to be u~d for 
in3tallation. Seegeneia! dimension drawing 
SN-8097 for detail 

Oim:ensiona are in mm (inches). 

Cooditioos: Power lor gas engine:a ia bMed on fuel 
having an LHV of 83.74 k.Jll (005 Btu/cu ft} at 101 kPa 
(29.Q1 in.. Hg} and 15¢ C (59" F). Fuel rate isbazed on a 
cubic meter at 100 kPa (2R61 h Hg) and 15.6~ G 
{60.1~ FJ. Air ftow is bM&d on a~icfootat 100 kPa 
(29.61 in.. Hg} and 25~ G (77~ F;. Exhaust flow is b3S>ed 
on a cubic toot at 100 kPa (29.61 in. Hg:) and stack 
temperature. 



Weather History for KPEQ 
Nearest airport to Pecos, TX. 

Monday,August17,2015 

Temperature 
Mean Temperature 
Max Temperature 
Min Temperature 
Cooling Degree Days 
Growing Degree Days 
Moisture 
Dew Point 
Average Humidity 
Maximum Humidity 
Minimum Humidity 
Precipitation 
Precipitation 
Sea Level Pressure 
Sea Level Pressure 
Wind 
W inc! Speed 
Max Wind Speed 
Max Gust Speed 
Visibility 
Events 

Actual 

82 op 
100 op 
65 op 

17 
32 (Base 50) 

0.00 in 

29.95 in 

5 mph (SE) 
16 mph 
22 mph 
10 miles 

Average 

Averages and records for this station are not official NWS values. 

Record 

- ( -1) 
- ( -1) 

-0 



April17, 2015 

United States Environmental Protection Agency EPA, Region 6 
Office of Enforcement and Permits Review 
1445 Ross Avenue, Suite 1200 
Dallas, Texas 75202 
(800) 887-6063 

To Whom It May Concern, 

Enclosed please fmd one copy of the 40 CFR 60, Subpart JJJJ Emissions Testing Protocol 
for eight Caterpillar G3306TA Reciprocating Combustion Engines prepared for XTO 
Energy, Inc. at the various compressor stations and engine locations in Carter and Marshall 
County, Oklahoma. If you have any questions, comments, or concerns please feel free to 
contact me at (918) 307-8865 office x4170, (918) 407-5168 cell, or tom@airhygiene.com. 

Sincerely, 

~k~ 
Thomas K. Graham, PE, QSTI 
Director of Education 

Encl. ( I) 

cc 
project file xto-l 5-multi.ok-eng#9 

William Payne, XTO (electronic only) 



2.3 

2.4 

Location Unit 

Gene 1-9H04 805711 

Potter 1-13H 805712 

Gordon 1-10H14 805861 

Williams 1-22H 805859 

Herriot 1-34H 805227 

Walls 1-27H26 805654 

Thompson 1-31 H 805863 

Watkins 1-3H2 805710 

Table 2.1 
Site Information 

Permit# 

2014-1 11 6-NOI 

Pending 

2014-0209-NOI 

2011-715-0 

2011-1101-0 

2013-1467-NOI 

2011-1104-0 

2012-1021-0 

County 

Carter 

Carter 

Carter 

Carter 

Carter 

Carter 

Marshall 

Marshall 

Test Contractor Information 

Company: 
Contact Person: 

· Mailing Address: 

Office: 
Cell: 
Fax: 
E-mail: 
Website: 

Air Hygiene International, Inc. 
Danny Parr, Director of Operations 
1600 W Tacoma Street 
Broken Arrow, Oklahoma 74012 
(918) 307-8865 
(918) 809-8947 
(918) 307-91 31 
danny@airhygiene.com 
www .airhygiene.com 

Expected Test Start Date 

Latitude Longitude 

34.304370 -97.102620 

34.291170 -97.150380 

34.304140 -97.494090 

34.275200 -97.086390 

34.246210 -96.986170 

34.261090 -97.073890 

34.158590 -96.81 4240 

34.068890 -96.658030 

Testing is anticipated to begin on Monday, June 1, 20 15 and continue until all units are tested. 
Notification of changes will be made by XTO. 

2.5 Testing Schedule 

The following schedule indicates specific activities requ ired to be done each day; however, the schedule 
may require flexib ility and will be compacted or extended as necessaty. If there are no operational 
delays, this schedule can be com pleted as detailed by the testing crew. The details below describe the 
activities to be conducted on the engines. Specific unit test order, for multip le sources, will be 
determined by XTO. 

Pre-test Activities 
1·. Prepare draft te~t protocol (Air Hygiene) 
2. Submit final appt:,oved test p lan to EPA and ODEQ (Air Hygiene) 
3. Recej,_ve site safety training 

xto-15-multi.ok-eng#9-protocol-rev0a.xlsm 

Due Date 
>30 days prior to testing 
2:30 days prior to testing 
day of arrival for setup 

3 



October 16, 2014 

EPA Region 6 
1445 Ross A venue, Suite 1200 
Dallas, Texas 75202 
800-887-6063 

To Whom It May Concern, 

RECEIVE 

OCT 1 7 _2014 
, 

All.' J ?XIcs & Inspection 
C~tdination Branr 

6El\l-A 

Enclosed please find one copy of the 40 CFR 60, Subpart JJJJ and ODEQ emission 
testing protocol for one Caterpillar and four Cummins combustion engines prepared for 
XTO Energy, Inc. at the Veronica, Miller, Shelby, Enderco, and Ha1t compressor stations 
in Ca1ter and Love Counties, Oklahoma. If you have any questions, comments, or 
concerns please feel free to contact me at (918) 307-8865 office, or 
rbaker@airhygiene.com. 

Sincerely, 

~p~ 
Randall Baker, PE 
Training Coordinator 

Encl. (1 , bound) 

cc 
project file xto-14-multi.ok-eng# 13 
William Payne, XTO (elech·onic only) 
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~ Testing Solutions for a Better World 
AIR HVIii ENE, INC. 

40 CFR 60, SUBPART JJJJ 
ANDODEQ 

EMISSION TESTING 
PROTOCOL 

FOR 
ONE CATERPILLAR 

AND FOUR CUMMINS 
COMBUSTION ENGINES 

PREPARED FOR 
XTO ENERGY, INC. 

AT THE VERONICA, MILLER, 
SHELBY, ENDERCO, and HART 

COMPRESSOR STATIONS IN 
CARTER AND LOVE COUNTIES, 

OKLAHOMA 

Oklahoma Department of 
Environmental Quality 

Permit Numbers 
Veronica: Pending 

Miller: 2013-0854-NOI 
Shelby: 2013-1555-NOI 

Enderco: 2013-2124-NOI 
Hart: 2013-2068-NOI 

October 15, 2014 

Randall Baker, PE, Training Coordinator 
rev - 0 
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1.0 INTRODUCTION 

1.1 General Facility Description 

XTO is a natural gas gathering and processing company headqumiered in Fmi Worth, Texas. The 
company's business unit covers pmis of Oklahoma. Various compressor stations are located in the 
system, each used to gather, treat, and transfer natural gas from wellheads to major pipeline arteries. 
The interests of this test protocol is the Veronica, Miller, Shelby, Enderco, and Hmi Compressor 
Stations. The equipment to be tested is specified in the following table. 

Station Make 

Veronica 1121314 Cummins 

Miller 2-5 2H35 Cummins 

Shelby 114-02H01 Cummins 
Enderco 1-4 I 

Cummins Frankl 1-4H9 
Hart 1-03H Caterpillar 

Table 1.1 
Engine Specifications 

Model Unit 

KTA 19GC 6641 

KTA 19GC 6684 

KTA 19GC 6638 

KTA 19GC 6785 

G3306TA 805637 

Serial No Manf. HP 

37259794 111812013 380 

37260845 31612014 380 

37259469 912312013 380 

37261694 511912014 380 

R6S02346 21112014 203 

The engines are restricted to combusting natural gas only. The engines exhaust to the atmosphere 
through approximately 4 to 12 inch diameter stacks approximately 8 to 20 feet above grade level. Fuel 
flow meters should be located on each engine. However, if the engine is not equipped with a fuel flow 
meter, manufacturer specifications will be used for calculations. Each engine is equipped with ladder 
access to the catalyst and stack level. 

1.2 Reason for Testing 

The compressors me subject to emission testing requirements set fmih in the standards designated by the 
United States Environmental Protection Agency (EPA) Title 40, Code of Federal Regulations, Part 60 
(40CFR60), Subpmi JJJJ, and the Oklahoma Department of Environmental Quality (ODEQ) operating 
permits. The Subpart JJJJ and ODEQ emissions limits for these engines are listed in the following table. 

Station Unit 

Veronica 1121314 6641 

Miller 2-5 2H35 6684 

Shelby 114-
6638 02H01 

Enderco 1-4 I 
6785 Frankl 1-4H9 

Hart 1-03H 805637 

Table 1.2 
ODEQ/Subpart JJJJ Limits 

NOx Limit CO Limit 
1.0 glhp*hr or 2.0 glhp*hr or 

82 ppm(Ql15%02 270 ppm@15%02 
1.0 glhp*hr or 

82 ppm@15%02 
2.0 glhp*hr or 

270 ppm@15%02 
1.0 glhp*hr or 

82 ppm@15%02 
2.0 glhp*hr or 

270 ppm@15%02 
1.0 glhp*hr or 2.0 glhp*hr or 

82 ppm(Ql15%02 270 ppm@15%02 
1.0 glhp*hr or 

82 ppm@15%02 
2.0 glhp*hr or 

270 ppm@15%02 

VOC Limit 
0. 7 glhp*hr or 

60 ppm@15%02 
0. 7 glhp*hr or 

60 ppm@15%02 
0. 7 glhp*hr or 

60 ppm@15%02 
0. 7 glhp*hr or 

60 ppm@15%02 
0. 7 glhp*hr or 

60 ppm@15%02 

As such, all engines will be tested for nitrogen oxides (NOx), carbon monoxide (CO), oxygen (02) and 
volatile organic compounds (VOCs) with the units operating within 10 percent of the rated load. 

xto-14-multi.ok-eng# 14-protocol-rcvOb.doc 



2.0 SUMMARY 

2.1 Owner Information 

Company: 
Contact Person: 
Mailing Address: 

Office: 
Cell: 
Fax: 
Email: 

2.2 Site Information 

Station 

Veronica 1121314 

Miller 2-5 2H35 
Shelby 114-

02H01 
Enderco 1-4 I 
Franki 1-4H9 
Hart 1-03H 

XTO Energy, Inc. 
William J. Payne 
810 Houston Street 
Fort Wmih, Texas 76102 
(817) 885-3165 
(903) 391-1456 
(817) 885-1847 
William ]ayne@XTOEnergy.com 

County Lat./ Long. Permit No. 

Marshall 34.1281515 I -96.6755406 Pending 

Carter 34.2443800 I -97.0605100 2013-0854-NOI 

Marshall 34.0673500 I -96.6399000 2013-1555-NOI 

Love 33.9698900 1-97.1992200 2013-2124-NOI 

Love 33.9700000 I -97.1923900 2013-2068-NOI 

2.3 Test Contractor Information 

Company: 
Contact Person: 
Mailing Address: 

Office: 
Cell: 
Fax: 
E-mail: 
Website: 

2.4 Expected Test Start Date 

Air Hygiene International, Inc. 
Danny Parr, Director of Operations 
1600 West Tacoma 
Broken Arrow, Oklahoma 74012 
(918) 994-4173 
(918) 809-8947 
(918) 307-9131 
dmmy@airhygiene.com 
www.airhygiene.com 

Testing is anticipated to begin on Monday, November 17, 2014 and continue until all units are tested 
with additional notification provided by XTO, as necessary. 

xto~ 14-multi.ok-eng# 14-protocol-rcvOb.doc 2 



2.5 Testing Schedule 

The following schedule indicates specific activities required to be done each day; however, the schedule 
may require flexibility and will be compacted or extended as necessary. Specific site and unit test order 
will be determined by XTO. 

Pre-test Activities 
1. Prepare test protocol (Air Hygiene) 
2. Submit notification to Federal and State agencies (Air Hygiene) 
3. Receive site safety training, if required 

On-site Testing Activities (per each individual test lab) 
Typical Day- Test two or more engines (2:90% rated load) 
• Daily setnp and calibrations 
• Conduct JJJJ/ODEQ testing for NOx, CO, VOC, and Oz 

o Collect data for NOx, CO, VOC, and o, (3, 1-hr runs) 

Due Date 
> 30 days prior to testing 
2:30 days prior to testing 
day of arrival for setup 

07:00- 08:00 
08:00- 12:00 

o Collect data for moisture (3, RM4: 35-min runs or calculation or FTIR: 60-min runs) 

• Move to next engine 12:00- 13:00 
• Conduct JJJJ/ODEQ testing for NOx, CO, VOC, and 02 13:00- 17:00 

o Collect data for NOx, CO, VOC, and o, (3, 1-ln· runs) 
o Collect data for moisture (3, RM4: 35-min runs or calculation or FTIR: 60-min runs) 

• Repeat until all engines tested 

Activities after Testing 
• Demobilization of Testing Crew (Air Hygiene) Day 
• Preparation of draft test report (Air Hygiene) Days 
• Submit for review to XTO (Air Hygiene) Day 
• Review and comment on draft (XTO) Days 
• Prepare final hard copy test reports (Air Hygiene) Days 
• Final reports delivered to XTO (Air Hygiene) Day 

2.6 Test Report Content 

I 
2-9 
10 
II- 15 
16-19 
20 

The Test Reports for the engines will meet the requirements of the ODEQ and the EPA for emissions 
testing. The repmis will include discussion of the following: 

• Introduction 
• Plant and Sampling Location Description 
• Summary and Discussion of Test Results Relative to Acceptance Criteria 
• Sampling and Analytical Procedures 
o QAIQC Activities 
• Test Results and Related Calculations 
o Stack and Testing Equipment Drawings 
• Raw Field Data and Calibration Data Sheets 
• Sampling Log and Chain-of-Custody Records 
• Audit Data Sheets 
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2.7 Equipment and Procedures 

Test methods and parameters to satisfy 40 Code of Federal Regulations (CFR) Part 60, Part 51, and Part 
63 will include: 

• 40 CFR 60, App A, EPA Method 1 for sample location 
• 40 CFR 60, App A, EPA Method 3a for molecular weight (02) 
• 40 CFR 60, App A, EPA Method 4 for stack exhaust moisture, if needed 
• 40 CFR 60, App A, EPA Method 7e for nitrogen oxides (NOx) 
• 40 CFR 60, App A, EPA Method 10 for carbon monoxide (CO) 
• 40 CFR 60, App A, EPA Method 18 for gas chromatograph analysis of methane and ethane 
• 40 CFR 60, App A, EPA Method 19 for stack exhaust flow, if needed 
• 40 CFR 60, App A, EPA Method 25a for total hydrocarbons (TI-ICs) 
• 40 CFR 51, App M, EPA Method 205 for sample dilution and analyzer calibration- option 

Based on equipment availability and additional test needs, test methods in place of 7e, 10, and/or 18 may 
also include: 

• 40 CFR 63, App A, EPA Method 320 for THC, VOC, NOx, CO, methane, or ethane by FTIR 
Analyzer 

2.8 Proposed Variations 

All moisture tests conducted utilizing Method 4, when it is not used per the Section 16.4 FFactor 
calculation technique, will be approximately 35-minutes in duration, rather than for the duration of the 
pollutant test run; which at a required flow rate near the maximum of 0. 75 dry cubic feet per minute (e.g. 
L'lH@ of the console) will result in a minimum of 21 dry standard cubic feet of sample, as required by 
the method. The exception will be all moisture tests conducted utilizing Method 320, which will be 
approximately 60-minutes in duration, since the moisture and pollutant concentrations are measured by 
the same analyzer simultaneously. Regardless of method, all moisture tests will be conducted from a 
single point near the center of the stack, if accessible, or some other point as defined in the report, as 
moisture in this type of source tends to exist as a homogenous cloud, exhibiting no significant 
stratification as researched and supported by USEPA ALT-008 and ALT-0060. As needed, an unheated 
stainless steel hook may be utilized over the top of the stack and back down into the flow to 
accommodate the availability of sample ports and will be connected to the impinger train with unheated 
Teflon tubing, assuming that the impinger train is forced to be located at grade level due to test port 
and/or stack configuration conditions. Condensation that occurs in the probe and tubing combination 
will drain, via gravity, to the impinger train and will be assisted by field persmmel, who will purposely 
drain the assembly into the impinger train at the conclusion of each test run. 

40 CFR 60, Subpart JJJJ testing points will be selected based on the method and regulatory revisions 
published on February 27,2014 in the Federal Register, except for cases where sample port access is 
limited or presents an unsafe condition. In those instances, when they exist, pre-hung stainless steel 
tubing that is tapped into the stack at a point near the center will be used as test probes. 
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2.9 Sampling Strategy 

Three, 60-minute runs will be performed measuring NOx, CO, VOCs, and Oz within 10 percent of the 
rated load. Three exhaust moisture runs will be conducted utilizing Method 4 (calculation or 35-
minutes) or a FTIR (60-minutes). All moisture testing, if conducted with manual Method 4, will be 
conducted from a single point near the center of the stack either via test pmis or utilizing a stainless steel 
hook over the top of the exhaust and back down into the flow if needed to accommodate sample port 
availability and following the proposed variations in Section 2.8. All NOx, CO, VOCs, and Oz testing 
will be conducted from either: 

Stack Diameter Test Point(s) I Location(s) 
< 6 inches 1 I center 
>6 and <12 inches 3 I 16.7, 50.0, and 83.3 percent of the diameter 
>12 inches If stack meets the 2 and 0.5 diameter rule, 

3 I 16.7, 50.0, and 83.3 percent of the diameter 
Otherwise, conduct stratification testing per 
Section 8 .1.2 of Method 7E 

This testing will be conducted either via test ports or by utilizing multiple stainless steel hooks or a 
stainless steel rake type probe over the top of the exhaust and back down into the flow if needed to 
accommodate sample port availability. 

During the tests, the following operating data will be recorded at a minimum: engine speed (rpm), output 
power (hp), fuel flow (scfh), air manifold pressure (psi), air manifold temperature (°F), suction pressure 
(psi), discharge pressure (psi), engine timing ("BTDC), ambient temperature (°F), ambient pressure (in. 
Hg), and ambient relative humidity (%), and engine hour reading as available. XTO personnel will 
provide an appropriate fuel gas analysis for each facility. 

Depending on available equipment and also additional testing needs VOC emission concentrations will 
be quantified in accordance with one of two options, or their equivalents: 

Option 1: 
VOC emission concentrations will be quantified in accordance with principles set fmih in EPA Method 
18. A VIG 210 will be used for this purpose. The VIG 210 includes both a conventional total 
hydrocarbon (THC) analyzer and an automated gas chromatograph (GC) for determining VOCs. Two 
FIDs (flame ionization detectors) are used for the measurements: one for the THC channel and the other 
for the automated GC which can measure methane, ethane, and residual (VOCs). The THC sample is 
injected directly to the FID. This detector responds to all hydrocarbons in the sample. 

For VOC sampling, a heated gas sampling valve is used for direct injection of the gas on the GC column 
per Method 18, Section 8.2.2. The GC column separates hydrocarbon components based on their 
molecular configurations, weights, and boiling points. In this application, the analyzer uses the gas 
chromatograph column to separate methane and ethane from the heavier residual hydrocarbons (i.e. 
VOCs). Methane elutes from the sample first, it is immediately detected by the FID; ethane elutes from 
the column second and is detected. The flow in the column is reversed (back-flushed) and the residual 
components are recombined and detected by the FID as residual VOCs. The sample time of the VOC is 
approximately four minutes, so each 60 minute test run corresponds to approximately 14 sample 
injections. 
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EPA Method 7 e bias and drift check criterion will be used to validate data instead of EPA Method 18 
recovery studies as it is has more stringent and comprehensive quality assurance procedures. National 
Institute of Science and Technology (NIST) traceable propane calibration gas will be used to calibrate 
the VOC and the calibration procedure following EPA Method 25a. In this application, the target 
analyte is VOC (non methane, non ethane hydrocarbon); therefore, the methane and ethane 
concentrations will not be formally calibrated. 

Option 2: 
An MKS Instruments - MultiGasTM Fourier transform infrared (FTIR) spectrometer, or equivalent, is 
one option for THC, VOC, methane, and ethane analysis per EPA Method 320. This analyzer may also 
be used for NOx and CO analysis per the same methodology. The FTIR spectrometer spectral 
resolution is 0.5 cm-1. The system employs a silicon carbide infrared source at 1200 °C, a helium neon 
reference laser, beam splitters, and potassium bromide (KBr) cell window, front-surface optical transfer 
mirrors, and multi-pass absorption cells. MCT detectors will be used and cooled with liquid nitrogen in 
order to maintain a constant temperature of 77 Kelvin. The -5.11-meter multi-pass path cells incorporate 
aspheric, aberration-correcting mirrors to increase the optical throughput and the detection sensitivity. 
Transducers and thermocouples are connected directly to the insulated sample cells that provide the 
pressure and temperatures of the sample streams. During testing, the temperature of the absorption cells 
will be set at 191 °C. Elevated temperature prevents gas condensation within the cell and minimizes 
analyte adhesion to the cell walls and mirrors. The volume of the absorption cell is 0.5 liters, so at a 
sample gas flow rate of 4.0 liters per minute, the sample gas in the cell is refreshed approximately eight 
times each minute. Interferograms consisting of 28 co-added scans will be recorded continuously during 
the test periods, and will provide approximately 30-second average concentrations. The VOCs will be 
reported on a propane equivalent basis as required in the Federal Register. 
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APPENDIX A 

QA/QC PROGRAM 



QA/QC PROGRAM 

AIR HYGIENE ensures the quality and validity of its emission measurement and reporting procedures through a rigorous quality 
assurance (QA) program. The program is developed and administered by an internal QA team and encompasses five major areas: 

I. QA reviews ofrepmts, laboratory work, and field testing; 
2. Equipment calibration and maintenance; 
3. Chain-of-custody; 
4. Training; and 
5. Knowledge of cunent test methods. 

QA Reviews 

AIR HYGIENE's review procedure includes a review of each source test report, along with laboratory and fieldwork by the QA 
Team. 

The most impmtant review is the one that takes place before a test program begins. The QA Team works closely with technical 
division personnel to prepare and review test protocols. Test protocol review includes selection of appropriate test procedures, 

evaluation of interferences or other restrictions that might preclude use of standard test procedures, and evaluation and/or development 
of alternate procedures. 

Equipment Calibration and Maintenance 

The equipment used to conduct the emission measurements is maintained according to the manufacturer's instructions to ensure 

proper operation. In addition to the maintenance program, calibrations are carried out on each measurement device according to the 

schedule outlined by the Environmental Protection Agency. Quality control checks are also conducted in the field for each test 
program. 

Chain-of-Custody 

AIR HYGIENE maintains full chain-of-custody documentation on all samples and data sheets. In addition to normal documentation 
of changes between field sample custodians, laboratory personnel, and field test personnel, AIR HYGIENE documents every 
individual who handles any test component in the field (e.g., probe wash, impinger loading and recovery, filter loading and recovery, 
etc.). Samples are stored in a locked area to which only AIR HYGIENE personnel have access. Field data sheets are secured at AIR 
HYGIENE's offices upon retum fi·om the field. 

Training 

Personnel training is essential to ensure quality testing. AIR HYGIENE has formal and informal training programs, which include: 

I. Attendance at EPA-sponsored training courses; 
2. Enrollment in EPA correspondence courses; 
3. A requirement for all technicians to read and understand Air Hygiene Incorporated's QA manual; 
4. In-house training and QA meetings on a regular basis; and 
5. Maintenance of training records. 

Knowledge of Current Test Methods 

With the constant updating of standard test methods and the wide variety of emerging test procedures, it is essential that any qualified 
source tester keep abreast of new developments. AIR HYGIENE subscribes to services, which provide updates on EPA reference 
methods, rules, and regulations. Additionally, source test personnel regularly attend and present papers at testing and emission-related 
seminars and conferences. 



COMBUSTION TESTING QUALITY ASSURANCE ACTIVITIES 

A number of quality assurance activities are undettaken before, during, and after each testing project. The following 
paragraphs detail the quality control techniques, which are rigorously followed during testing projects. 

Each instrument's response is checked and adjusted in the field prior to the collection of data via multi-point calibration. 
The instrument's linearity is checked by first adjusting its zero and span responses to zero nitrogen and an upscale 
calibration gas in the range of the expected concentrations. The instrument response is then challenged with other 
calibration gases of known concentration and accepted as being linear if the response of the other calibration gases agreed 
within plus or minus 2 percent of range of the predicted values. 

After each test run, the analyzers are checked for zero and span drift. This allowed each test run to be bracketed by 
calibrations and documents the precision of the data just collected. The criteria for acceptable data are that the instrument 
drift is no more than 3 percent of the full-scale response. Quality assurance worksheets are prepared to document the 
multipoint calibration checks and zero to span checks performed during the tests. 

The sampling systems are leak checked by demonstrating that a vacuum greater than I 0 in Hg could be held for at least I 
minute with a decline of less than I in. Hg. A leak test is conducted after the sample system is set up and before the 
system is dismantled. This test was conducted to ensure that ambient air had not diluted the sample. Any leakage 
detected prior to the tests would be repaired and another leak check conducted before testing commenced. 

The absence of leaks in the sampling system is also verified by a sampling system bias check. The sampling system's 
integrity is tested by comparing the responses of the analyzers to the calibration gases introduced via two paths. The first 
path was directly into the analyzer and the second path via the sample system at the sample probe. Any difference in the 
instrument responses by these two methods is attributed to sampling system bias or leakage. The criteria for acceptance 
are agreement within 5 percent of the span of the analyzer. 

The control gases used to calibrate the instruments are analyzed and certified by the compressed gas vendors to ± I% 
accuracy for all gases. EPA Protocol No. I was used where applicable to assign the concentration values traceable to the 
National Institute of Standards and Technology (NIST), Standard Reference Materials. 

AIR HYGIENE maintains a large variety of calibration gases to allow the flexibility to accurately test emissions over a 
wide range of concentrations. 



APPENDIX 8 

TEST EQUIPMENT CONFIGURATION AND DESCRIPTION 



INSTRUMENT CONFIGURATION AND OPERATIONS FOR GAS ANALYSIS 

These sampling and analysis procedures conform in principle with the methods outlined in the Code of Federal 
Regulations, Title 40, Part 60, Appendix A, Methods I, 3a, 4, 7e, I 0, 18, 19 and 25a; 40 CFR 51, Appendix M, Method 
205; and/or 40 CFR 63, Appendix A, Method 320. 

The sample system to be used for the NOx, CO, VOC, and o, tests is configured per the following description. A 
stainless steel probe will be inserted near the center of the stack. The gas sample will be continuously pulled through 
the probe and transpmted via 3/8 inch heat-traced Teflon® tubing to a stainless steel, minimum-contact condenser 
designed to dry the sample and then through Teflon® tubing via a stainless steel/Teflon® diaphragm pump and into the 
sample manifold within the mobile laboratory. From the manifold, the sample is pmtitioned to the NOx, CO, and o, 
analyzer through rotameters that control the flow rate of the sample. VOC samples are routed to the analyzer prior to 
gas conditioning. 

The schematic (Figure I) shows that the sample system is also equipped with a separate path through which a 
calibration gas could be delivered to the probe and back through the entire sampling system. This allows for convenient 
performance of system bias checks as required by the testing methods. 

All instruments are housed in an air-conditioned, trailer-mounted mobile laboratoty. Gaseous calibration standards are 
provided in aluminum cylinders with the concentrations certified by the vendor according to EPA Protocol No. I. 

This general schematic also illustrates the analyzers to be used for the tests (i.e., o,, CO). All data from the Reference 
Method continuous monitoring instruments are recorded on a Logic Beach Hyperlogger. The Hyperlogger retrieves 
calibrated emissions data from each instrument every second. An average value is recorded evety 30 seconds. 

The stack gas analysis for o, concentrations will be performed in accordance with procedures set fotth in EPA Method 
3a. The o, analyzer uses a paramagnetic cell detector. 

EPA Method 7e will be used to determine concentrations of NOx. A chemiluminescence analyzer will be used to 
provide the analysis. A N02 in nitrogen certified gas cylinder will be used to verify at least a 90 percent NO, 
conversion on the day of the test. Method 320, utilizing an FTIR may also be used for the analysis. 

CO emission concentrations will be quantified in accordance with procedures set forth in US EPA Method 10 or 320. 
A continuous nondispersive infrared (NDIR) analyzer will be used for this purpose. Method 320, utilizing an FTIR 
may also be used for the analysis. 

VOC emission concentrations will be quantified in accordance with principles set forth in USEPA Method 18. A VIG 
210 will be used for this purpose. The VIG 210 includes both a conventional total hydrocarbon (THC) analyzer and an 
automated gas chromatograph (GC) for determining VOCs. Two F!Ds (flame ionization detectors) are used for the 
measurements: one for the THC channel and the other for the automated GC which can measure methane, ethane, and 
residual (VOCs). The THC sample is injected directly to the FlO. This detector responds to all hydrocarbons in the 
sample. Method 320, utilizing an FTIR may also be used for the analysis of methane and ethane. 
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TABLE 1: TESTING MATRIX 

Tare;et EPA Test Method Unit Test Loa1l(s) Test Lene;th 

o, 3a > 90% of rated load 3 x 60-minute test runs 

Moisture 4 or 320 2: 90% of rated load 3 x 35 (60)-minute test runs 
or calculation equivalent 

NOx 7e or 320 > 90% of rated load 3 x 60-minute test runs 

co 10 or 320 > 90% of rated load 3 x 60-minute test runs 

voc 18 or 320 I 25a > 90% of rated load 3 x 60-minute test runs 

TABLE 2: ANALYTICAL INSTRUMENTATION 

Parameter Model and Common Sensitivity Detection Principle 
Manufacturer Use Ranges 

o, Servomex or 0-25% 0.1% Oxygen - Paramagnetic cell 
equivalent 

NOx TEC042Cor 0-10,000 0.1 ppm Thermal reduction of NO, to 
equivalent ppm NO. Chemiluminescence of 

reaction of NO with OJ. 
Detection by PMT. 
Inherently linear for listed 
ranges. 

co TEC048C or 0-10,000 0.1 ppm Infrared absorption, gas filter 
equivalent ppm correlation detector, 

microprocessor based 
linearization. 

voc VIG 210 User may 0.1 ppm Gas Chromatography and 
select up to Flame Ionization Detector 
3,000 ppm 

NOx,CO, MKS Multigas User may 0.0 I ppm Fourier Transform Infrared 
Metbane, 2030, or select from Spectroscopy 
Ethane, equivalent multiple 
H,O, etc. ranges 



TABLE 3: ANALYTICAL INSTRUMENTATION TESTING CONFIGURATION 

Parameter Sample Example Sensitivity Calibration Gases (based 
Methodology Range on example range) 

o, 3a 0-21% 0.1% Zero = 0 ppm nitrogen 
Mid= 8.4- 12.6% 
High=21% 

NOx 7e or 320 0-1000 ppm 0.1 ppm Zero = 0 ppm nitrogen 
Mid= 400- 600 ppm 
High= 1000 ppm 

co 10 or 320 0-1000 ppm 0.1 ppm Zero= 0 ppm nitrogen 
Mid = 400 - 600 ppm 
High= 1000 ppm 

THCIVOC 18 or 320 0-100 ppm 0.1 ppm Zero= 0 ppm nitrogen 

(as propane) Low= 25- 35 ppm 
Mid= 45- 55 ppm 
High = 80 - 90 ppm 

NOx,CO, 320 0-100 ppm 0.01 ppm Example Spike gas-
Methane, Ethane 1 00 ppm 
Ethane, H,O, 
etc. 



APPENDIX C 

STACK DRAWINGS AND SITE SPECIFICATIONS 
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APPENDIX D 

EXAMPLE TEMPLATES AND CALCULATIONS 



AIR HVIiiEl\IE • ENGINE TEST- FIELD DATA SHEET 

Company: o, NOx co THC co, so, 
Location: CYLINDER Low . 

SERIAL 
Date: NUMBERS Mid 

Unit Make and Model: High 

Unit Number: 

Serial Number: N02 CONVERSION Stack Dia. 

Data Recorded By: N02 Gas (ppm) Measured By: 

Tested With AHI Unit(s): Truck(s): Trailer(s): NO Reading (ppm) Measured With: 

LDEQ Warmup/Cal Req: On (Daymme): Cal (Oayrrime): NOx Reading (ppm) 

C Iinder Num 

RUN INFORMATION Run #1 Run #2 Run#3 Run#4 Average 
REPORT INFORMATION 

Time Start (hh:mm:ss) INSTRUMENT SERIAL# 

Time Stop (hh:mm:ss) o, 
Barometric Pressure (in. Hg) NOx 

Ambient Temperature (°F) co 
Relative Humidity(%) THC 

Suction Pressure (psig) co, 
Discharge Pressure (psig) so, 
Rated Horsepower {hp) 

Actual Horsepower (hp) RESPONSE TIME 

Fuel Flow (SCF/hr) TIME (hh:mm) RESP (min) 

Turbo Speed (npt) or (rpm) Gas Inject I I 

Engine Speed (npg) or (rpm) 181 lnst@ 95% I I I I 

Air Manifold Temperature (°F) 2"d lnst. @ 95% I I I I 

Air Manifold Pressure (psig or in. Hg) 3'd Jnst. @ 95% I I I I 

Engine Timing BTDC 

CALIBRATION 
o, NOx co THC co, 

Cone. Actual Cone. Actual Cone. Actual Cone. Actual Cone. Actual 

Zero Gas 

Low Gas 

Mid Gas 

High Gas 

BIAS 
o, NOx co THC co, 

Zero Mid Zero Mid Zero Mid Zero Mid Zero Mid 

Initial/Run #1 

Run #1/Run #2 

Run #2/Run #3 

Run #31Run #4 

Run #4/Fina/ 
--------

Bias Gas Actual Cone. 



Air Permit#: 

Plant Name or Location: 

Date: 

Project Number: 

Manufacturer & Equipment: 

Model: 

Serial Number: 

Unit Number: 

Test Load: 

Tester(s) I Test Unit{s): 

RUN 

UNITS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
Start Time hh:mm:ss 

End Time hh:mm:ss 

Bar. Pressure in. Hg 

Amb. Temp. OF 

Rei. Humidity % 

Spec. Humidity lb water /lb air 

Comb. Inlet Pres. psig 

NOx Water lnj. gpm 

Total Fuel Flow SCFH 

Heat Input MMBtu/hr 

Power Output megawatts 

Steam Rate lb/hr 

Comp&RATA&Eng-AHI v1.3 



Client: 
Location: 

Date: 
Project#: 

-Natural Gas Fuel Analysis Standardized to 68 deg F and 14 696 psia- EPA Standards 

Molecular1 

Gas Component Mole(%) Weight 
(lb/lb-mole} 

Methane CH4 

Ethane C2Hs 

Propane C3Hs 

iso-Butane iC4H1o 
n-Butane nC4Hto 

!so-Pentane iCsHt2 

n-Pentane nCsH12 

Hexanes CsHt4 

Heptanes C7H1s 

Octanes CsHts 

Carbon Dioxide co, 
Nitrogen N, 
Hydrogen Sulfide H2S 

Oxygen o, 
Helium He 

Hydrogen H, 

Totals 

Characteristics of Fuel Gas 

Molecular Weight of gas - lb/lb-mole 

Btu per lb. of gas4 = gross (HHV) 

Btu per lb. of gas4 = net (LHV) 

Density of fuel gas2 = lb/cu. ft 

Wt% voc in fuel gas- % 

Specific Gravitv1 = 

FMFactor (SCF dry exhaust per MMBtu [HHV]) -

(Based on EPA RM~19) at 68 deg F and 14.696 psia 

F~Factor Calculation: 

Lbs 
Component Wt.%of 
per Lb~Mole Component 

of Gas 

FMFactor = 1 ,000,000*((3.64*%H)+(1.53*%C)+(0.57*%S)+(0.14 *%N)-(0.46*%0))/GCV 

GCV =Gross Btu per lb. of gas (HHV) 

Ideal Gross1
•
3 Fuel Heat 

Heating Value Value [HHV] 

(Btu/ft3
) (Btu/SCF) 

dry 

wet2
'
5 

%H, %C, %S, %N, & %0 are percent weight values calculated from fuel analysis and have units of (scf/!b)/% 

Density of natura! gas based on specific gravity multiplied by density of air at 68 deg F and 14.696 psia. 

References: 
1 ASTM D 3588 
2 Civil Engineering Reference Manual, 7th ed. -Michael R. Lindeburg 
3 Mark's Standard Handbook for Mechanical Engineers, 1oth ed.- Eugene A. Avallone, Theodore Baumeister Ill 
4 Introduction to Fluid Mechanics, 3rd ed. -WilliamS. Janna 
5 GPA Reference Bulletin 181-86, revised 1986, reprinted 1995 
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Ideal Net1'
3 Fuel Heat 

Heating Value Value [LHV] 

(Btu/ft3
) (Btu/SCF) 

dry 

wee·s 

Component Wt% 

carbon 

oxygen 

hydrogen 

nitrogen 

helium 

sulfur 

Total 



Calibration Date: 
Client: 

NOx Span (ppm)= 

THERMO 42H (NOx Analyzer) 
Certified Instrument Calibration Absolute 

Concentration Response Error Cone. 
{ppm) (ppm) (%) {ppm) 

Linearity"' 

CO Span (ppm)= 

API 300 (CO Analyzer) 
Certified Instrument Calibration Absolute 

Concentration Response Error Cone. 
(ppm) (ppm) (%) (ppm) 

Linearity" 

02Span (%)= 

SERVOMEX 1400 (~Analyzer) 
Certified 

Concentration 
(ppm) 

linearity"' 

THC Range (ppm)"' 

Instrument Calibration Absolute 
Response Error Cone. 

(ppm) (%) (ppm) 

THERMO 51 (THC Analyzer) 
Certified 

Concentration 
(ppm) 

Linearity-

Instrument Calibration 
Response Error 

(ppm) (%) 

Estimated 
Point 
(ppm) 

'-zero/high base<! on 2% of span}ow/mld based on 5% of concentration 

C02 Span(%)"' 

Certified 
Concentration 

(ppm) 

Linearity= 

Comp&RATA&Eng-AHI v1.3 

FUJI 3300 (C02 Analyzer) 
Instrument 
Response 

(ppm) 

Calibration 
Error 
(%) 

Absolute 
Cone. 
(ppm) 

Pass or 
Fail (±2%, 
SO.Sppm) 

Pass or 
Fall (±2%, 
SO.Sppm) 

Pass or 
Fa!l(:!:2%, 

:S0.5%) 

Pass or 
Fall 

{:!:2,5%)1 

Pass or 
Faif(±2%, 

:SO.S%) 

THERMO 42H (NOx Analyzer) linearity Plot 

• 1.20 ,----,-·---,---,---,--,- ----, 

• 1.00 -" 0 
~ 
"' 0.80 L. 
~E 
.... a.0.60 
~E> 

1-· E 0.40 

~ 0.20 -
~ 

0.00 ·--_.j---1- ---l-----l--+--
0.00 1120 0.40 0.60 0.80 1.00 1.20 

Certified Concentrations (ppm) 

API 300 (CO Analyzer) Linearity Plot 
[ 1.20 ~--,-- --,--,-

.e. 1.00 +---·-+----+-- -+---+----+---1 
~ 

I:::: +-----~----~---1---+--- -r--= 
g oAo -----+----+· ----1---+---+--· I 
~ 0.20 t----+-·---1---t----+--+-
-'= 0.00 +-----C-----+- ---!----+- --+---1 

0.0(} 0.20 0.40 0.60 0.80 1.00 1.20 

Certified Concentrations (ppm) 

SERVOMEX 1400 (02 Analyzer) linearity Plot 

~ 1.20 r------,---,----,c----,-·--,----, 
~ 1.00 !------- ~---+---+ ---+---1-
g_ 0.80 !-·--+---+--
~ 0.60 +---+---+--- --+--
~ 0.40 

~ 0.20 r---+---r---+--t-- -j---1 
.E 0.00 

0.00 0.20 0.40 0.60 0.80 1.00 1.20 

Certified Concentrations (%) 

THERMO 51 (THC Analyzer) linearity Plot 

Certtrred Concentrations {ppm) 

FUJI 3300 (C02 Analyzer) Linearity Plot 

1£1.20 

., 1.00 +---[----1--+--1----t---
~ 

! :.:: +----+-- +---+---1---t--- --j 

" ~ 0.40 +---1---+---1---1---1----1 
;;; o.2o r---- --+---1-
-= 0.00 1------ ---+---1 ---+---·· -

0.00 0.20 0.40 0.60 0.80 1.00 1.20 

Cer!ified Concentrations(%) 



NOx Converter Efficiency 

Date: 

Analyzer: 

RM 7E, (08-15-06), 8.2.4.1 Introduce a concentration of 40 to 60 ppmv N02 to the analyzer in 
direct calibration mode and record the NOx concentration displayed by the analyzer. ... 
Calculate the converter efficiency using Equation 7E-7 in Section 12.7. The specification for 
converter efficiency in Section 13.5 must be met. ... The NO 2 must be prepared according to 
the EPA Traceability Protocol and have an accuracy within 2.0 percent. 

Audit Gas: N02 Concentration (Cv), ppmvd 

Converter Efficiency Calculations: 

Analyzer Reading, NO Channel, ppmvd 

Analyzer Reading, NOx Channel, ppmvd 

Analyzer Reading, N02 Channel (Coir(Na2)), ppmvd 

Converter Efficiency, % 

RM 7E, (08-15-06), 13.5 N02 to NO Conversion Efficiency Test (as applicable). The N02 to 
NO conversion efficiency, calculated according to Equation 7E-7 or Equation 7E-9, must be 
greater than or equal to 90 percent. 

£1fj' =(Cm,·)xlOO Eq.7E-7= 
'.!..! N02 C 

v 

Date/Time Elapsed Time 

mm/dd/yy hh:mm:ss Seconds 

Comp&RATA&Eng-AHI v2.1 

NOx 

ppmvd 

ppmvd 

ppmvd 
X 100 = 

NO 

ppmvd 



Fuel Data 
Fuel F. factor 

Fuel Heating Value (HHV 

Unit Data 
Unit Load 

Heat Input 

Sleam Rate 

Combustor Inlet Pres. 

NOx Control Water lnjecUot 

Est Stack Moisture 

Sladl E~haust Flow (M2) 
Stack Exhaust Flow (M19) 

Run -1 
Date/Time 

(mmfddfyy hh:mm:ss) 

RAW AVERAGE 

-~ 

Elapsed Time 
(seconds) 

Serial Number: 

Initial Zero 
Final Zero 
Avg. Zero 

Ill lnilial UpScale 

Final UpScale 
Avg. UpScale 

Upscale Cal Gas 

I 

I 

~ 
I 

~ ' 
' ' I 

~ ' ' 
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SCFIMMB!u 

BtlliSCF 

magawans 

lbiMMBtu 

Steamlblhr 

pslg 

"m 
% 

SCFH 

SCFH 

o, 
(%) 

o, 

(%) 

NOx 
(ppmvd) 

NOx 

(ppmvd) 

Weather Data 
Barometric Pressure 

Relative Humidity 
Ambient Temf>'lralure 

Sf>'ldfic Hum\d"!ty 

co 
(ppmvd) 

co 

(ppmvd) 

ln.Hg 

% ., 
lbH,OIIbair 



DRIFT AND BIAS CHECK 
Run- 1 02 NOx co 

Raw Average 

Corrected Average 
Initial Zero 

Final Zero 

Avg. Zero 
Initial UpScale 

Final UpScale 
Avg. UpScale 

Sys Resp {Zero) 
Sys Resp {Upscale) 

Upscale Cal Gas 
Initial Zero Bias 
Final Zero Bias 

Zero Drift 
Initial Upscale Bias 
Final Upscale Bias 

Upscale Drift 

ID § Initial Zero 
.2:: :;:::::; tl= Final Zero ~-~iS 
._ :!:::: 1.1) Initial Upscale IDU.o 

~ ~<t: Final Upscale U) 

Calibration Span 
3% of Range {drift) 
5% of Range {bias) 

DRIFT AND BIAS CHECK 
Run -2 02 NOx co 

Raw Average 
Corrected Average 

Initial Zero 
Final Zero 
Avg. Zero 

Initial UpScale 

Final UpScale 
Avg. UpScale 

Sys Resp {Zero) 

Sys Resp (Upscale) 
Upscale Cal Gas 
Initial Zero Bias 

Final Zero Bias 
Zero Drift 

Initial Upscale Bias 

Final Upscale Bias 
Upscale Drift 

ID § Initial Zero 
_;::::;::::; :t:: 

Final Zero ~ .~ 0 
._ ~ Vl Initial Upscale IDU.o 
~ ~ <{ Final Upscale U) 

Calibration Span 
3% of Range {drift) 
5% of Range {bias) 

Comp&RATA&Eng-AHI v1.3 



EMISSION CALCULATIONS SUMMARY TABLES 

Company: Date: 
Engine Tested: Location: 

Engine Serial #: 

Stack Gas Flow Rate: Method 19 

Test# 
Brake 

0 2 Cone.(%) Fuel Heating Value F Factor-Dry Oxy. Fuel Flow Stack Flow 
Horsepower (Btu/SCF) (DSCFex/MMBtu) (SCF/hr) (SCF/hr) 

1 

2 

3 

Average 

NOx Mass Emission Rate 

Test# 
Brake NOx Cone. 

MW E (g/hp•hr) E (lb/hr) E (ton/yr) E (lb/MMBtu) Horsepower (ppmvd) 

1 46.01 

2 46.01 

3 46.01 

Average 46.01 

CO Mass Emission Rate 

Test# 
Brake CO Cone. 

MW E (g/hp•hr) E (lb/hr) E (ton/yr) E (lb/MMBtu) Horsepower (ppmvd) 

1 28.00 

2 28.00 

3 28.00 

Average 28.00 
Fuel Flow (Btu/hp•hr) IS based upon the worst case assumption of 8,500 Btu/hp•hr fuel usage when s1te data for fuel flow IS not available. 

Comp&RA TA&Eng-AHI v1.3 



TABLE 2.1: ENGINE EMISSIONS REPORT 

Test Period: Air Permit Number: 
Location: Unit Number: 
Date: Suction Pressure (psi): 
Project Number: Discharge Pressure (psi): 
Engine Manufacturer: Stack Exhaust Temperature (°F): 
Engine Model: Rated Horsepower (hpj: 
Engine Serial Number: Brake Horsepower (bhp): 
Analyzer Manufacturers: TECO(NOx), API(CO), TECO(THC) Engine Fuel Flow (SCFH): 
Analyzer Model Numbers: 42H, 300, 51 Specific Gravity: 
Date Analyzers Calibrated: Fuel Heating Value [HHV] (Btu!SCF): 
Emission Test Results: Appendix A BSFC (Btulhp•hr): 
Analyzer Data Plots: Appendix B Annual Hours Allowed to Operate: 8,760 
Cal Gas Spec. Sheets: Appendix C Engine Speed (rpm): 
Quality Control Data Sheets: Appendix D Air Manifold Temp (°F): 
Chromatograph Report: Appendix E Air Manifold Pressure (psi): 
Ambient Temperature (°F): Turbo Speed (rpm): 
Barometric Pressure (in. Hg): Engine Ignition Timing (0 BTDC): 
Relative Humidity (%): Load Step: 

Emission Test Results Torque(%): 
Pollutant (units) Stack Test Results Permit Limits Pass inC! Tested By: Air Hygiene International, Inc. 

NOx ( avg. ppmvd) 
co (avg. ppmvd) 
VOC (avg. ppmvd) 
NOx @15%02 0 2 (avg. ppmvd) 
C0@15%02 0 2 (avg. ppmvd) 
VOC @15%02 0 2 (avg. ppmvd) 
NOx (avg. lb/hr) 
co (avg. lb/hr) 
VOC (avg. lb/hr) 
NOx (avg. g/hp*hr) 
co (avg. g/hp*hr) 
voc (avg. g/hp*hr) 

All testing conducted according to United States Environmental Protection Agency (EPA), 
Methods: 7e, 10 and 25a. 

Comp&RATA&Eng-AHI v2A 



EXAMPLE CALCULATIONS (FFACTOR) 

RM 19, (07-19-06), Mark's Std Hdbk, 10th ed.,pg 4-26 

2.0 Summary of Method, High Heat Value Dry (HHVdry). calc for Methane (single component for the fuel gas) 
2.1 Emission Rates. Oxygen (02) 

or carbon dioxide (C02) 

concentrations and appropriate F 
factors (ratios of combustion gas 
volumes to heat inputs) are used 
to calculate pollutant emission 
rates from pollutant co 

RM 19, (07-19-06), 
12.2 Emission Rates of PM, 
802, and NOx. Select from the 
following sections the applicable 
procedure to compute the PM, 
802, or NOx emission rate (E) in 
lb/MMBtu. The pollutant 
concentration must be in lb/scf 
and the F factor must be in 
scf/MMBtu. If the pollutant 
concentration (C) is not in the 
appropriate units, use Table 

% Btu Btu 
~~X--~~=--~~~ 

100.00 SCF SCF 

Mark's Sid Hdbk, 10th ed., pg 4~26 

Low Heat Value Dry (LHVdry). calc for Methane (single component for the fuel gas) 

% Btu Btu 
----,1 o"'o'"'.o"'o'- x --,s"'c"'F-"'-- = ---,s"'c"'Fo-==-

Civil Eng. Ref. Man.,7th Ed.,pg 14~9/GPA Ref. Bulletin 181-86, App. C 

High Heat Value Wet (HHVwet). calc for entire sample (all components of the fuel gas) 

HHV 
HHV, .. ,(Btu/SCF)= "I)' 

" WI D.factor 
Btu/SCF 

HHVwet = Btu/SCF 

19-1 in Section 17.0 to make the ,-----------------------------------------, 
proper conversion. An F factor is 
the ratio of the gas volume of the 
products of combustion to the 
heat content of the fuel. The dry 
F factor (F d) includes all 

components of combustion less 
water, the wet F factor (Fw) 
includes all components of 
combustion, and the carbon F 
factor (F c) includes only carbon 
dioxide. 

Civil Eng. Ref. Man.,7th Ed.,pg 14-9/GPA Ref. Bulletin 181-86, App. C 

Low Heat Value Wet (LHV......,1), calc for entire sample (all components of the fuel gas) 

LHVd,y 
LHV,w(Btu I SCF) = . 

WI D.jactor 
Btu/SCF 

LHVwet = 

Lbs Component per Lb-Mol of Gas (CM), calc for Methane (single component for the fuel gas) 

CM(lb I /b -mol)= [( ~~~ )x MW] CM= 
% lb 

----,1o"'o'"'.o00oc.. x --;;,b--m--,ol-=-- = 

Btu/SCF 

lb/lb-mol 

ASTM 0 3588 

Fuel Molecular Weight (MWFuet) 

MIVF"" (lb I lb ·mol)= [L (CM)] MWFuel = 

+ 

lb/lb-mol 

lb/lb-mo! 

lb/lb-mol 

Btu per Lb of Gas Gross (GCV) 

( ) 
[

HHV,,,,. x G] 
GCV Btu lib = --......... ·· 

MWF.,d 

GCV= 
Btu/SCF x fe/lbmot 

----~=-~~~~= lb/lb-mol 
Btu/lb 

ASTM 0 3588 (SG) 
Specific Gravity 

+etc.= 

SO= [MW ''"'] 
MWAIR 

SG = -==c-';;;b/"lb::-m=,col_ 
28.96 lbllb-mol 

Btu per Lb of Gas Net (NCV) 

[
LHV xG] NCV (Btu 1/b )= ,,. 

A1WJ.;,e~ 

NCV= 
Btu/SCF X te/lbmol 

----------;;:lb"'llb"""-m"'ol,--"-="'- = Btu/lb 

Weight Percent of Component (C%), methane 

c%(%)=[(_!:M Jxtoo] 
AIWFueJ 

RM 19, (07-19-06), Weight Percent of Volatile Organic Compounds {VOC%) 

C.;, = --.;;'bc;/l;-b-"m"'o7-1 x 100 = 
!b/lb-mol 

% 
VOC%= % + % + % +etc.= 

RM 19, (07-19-06), 12.3.2 Determined F Factors. !f the fuel burned is not listed in Table 19-2 or if the owner or operator chooses to determine an F 
factor rather than use the values in Table 19-2, use the procedure below: 12.3.2.1 Equations. Use the eq 

RM 19, (07-19-6), F _ /_(_~!\ 1~~_~-~!.,+ K, o/oC + K_, %S + K, o/oN- K, %0) Eq. 19-13 
12.1 Nomenclature "- GCV 
K {scf/lb}l%~ 

H 3.64 
Fd = 

106Btu [3.64 SCF % 
1.53 SCF 

% 
0.57 SCF 

% X X + X + X + c 1.53 MMBtu lb"% lb"% lb"% 

s 0.57 

%} 
N, 0.14 0.14 SCF 

% 
0.46 SCF lb SCF 

X - X = o, 0.46 lb"% lb"% Btu MMB!u 

Note: Lack of s1gn1ficant figures may cause roundtng errors bel\veen actual calculations and example calculations. 

Comp&RA T A&Eng-AH I v1.3 

% 



EXAMPLE CALCULATIONS (INFORMATION) 

Specific Humidity (RHsp) Note: RHsp (gr/lb) calculated using temperature, relative humidity, and barometric pressure with 
psychrometric chart, psychrometric calculator, or built in psychrometric algorithm. 

JIH (ib 1/b) ~[(!Jr.) x _fb_] 
'' lb 7000 gr 

gr I tb 
--,lb=-"'- x 7000 gr 

Fuel Flow Conversion (Or) Note: Qf(lb/min) is a value uptained from the source operator. 

Combustor Inlet Pressure I Compressor Discharge Pressure (CIP I COP) 
(corrected from gauge to atmospheric pres. and conv. to mm Hg.) 

60min 

hr 

te lb-mol x--,-7-x-==.,--" lb-mo! lb 

Note: CIP I COP (psig) is a value obtained 
from the source operator. 

lb H20 

lbAir 

SCFH 

C!P I CDP ~ [(psig + p )x ~.L 71493 ~nmHg] 
1pst CIP/CDP" [ psig + ) x _:5.:.1.::.7.:.14;.:9::;3:,:m:::m.:::_:Hocg_" 

1 psia 
mmHg (abs) 

Heat Rate (MMBtu/hr) 

Hll ~ 
H_f!V DRY X Q I 

Btu SCF MMBtu MMBtu 1,000,000 Heat Rate= X X 
106 Btu 

= 
SCF hr hr 

Estimated Stack Gas Moisture Content (Bws) 

2xQ 
SCF hr B (%) = --1-xlOO Bws = 2x X X 100 = % "' Q, hr SCF 

Note lack of slgmficant figures may cause roundmg errors bel\veen actual calculatiOns and example calculations 

EXAMPLE CALCULATIONS (CALIBRATION) 

Analyzer Calibration Error 

RM 7E, (08-15-06), 12.2 Analyzer Calibration Error. For non-dilution systems, use Equation 7E-1 to calculate the analyzer calibration error for the low-, 
mid-, and high-level calibration gases. (calc for analyzer mid gas, if applicable) 

ACE ~(Cn;, -C,,)xlOO 
cs Eq. 7E-1 

Calibration Error and Estimated Point, RM 25A, THC Analyzer 

ACE= 
ppm- ppm 

X 100 = % 
ppm 

RM 25A, (07-19-06), 8.4 Calibration Error Test. Immediately prior to the test series (within 2 hours of the start of the test), introduce zero gas and high
level calibration gas at the calibration valve assembly. Adjust the analyzer output to the appropriate levels, if necessary. Calculate the predicted 
response for the row-level and mid-level gases based on a linear response line between the zero and high-lever response. Then introduce low-level and 
mid-level calibration gases successively to the measurement system .... These differences must be less than 5 percent of the respective calibration gas 
value. (calc for THC analyzer mid gas, if applicable) 

CDir(H)-CJ)_i'-~xC. +C 
C -C !J~r(.lf) lJ/r(L.) 

V(ll) I'(Z) 

ACE~ (Cm,- C,, )x lOO 
cs Eq. 7E-1 

Eq. of a line 
y=mx+b 

E = 
' 

ppm-

ppm-

ACETHC = 

Note: lack of s1gmficant figures may cause roundmg errors between actual calculallons and example calculations. 
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ppm 
X ppm+ = ppm 

ppm 

ppm- ppm 
X 100 = % 

ppm 



EXAMPLE CALCULATIONS (BIAS, DRIFT, AND CORRECTED RAW AVERAGE) 

< 

System Bias 

RM 7E, (08-15-06), 12.3 System Bias. For non-dilution systems, use Equation 7E-2 to calculate the system bias separately for the low-level and 
upscale calibration gases. (calc for analyzer upscale gas, Run 1 initial bias, if applicable) 

SB ~ ( c, ~fm' )x lOO Eq. 7E-2 SB= 
ppm- ppm 

X 100::: % 
ppm 

Drift Assessment 

RM 7E, (08-15-06), 12.5 Drift Assessment. Use Equation 7E-4 to separately calculate the low-level and upscale drift over each test run. (calc for 
analyzer upscale drift, Run 1, if applicable) 

D ~Iss'""'- ss,l Eq. 7E-4 D=l %- % 1= % 

Alternative Drift and Bias 

RM 7E, (08-15-06), 13.2/13.3 System Bias and Drift. Alternatively, the results are acceptable if !Cs- Cdirl is:S 0.5 ppmvor if !Cs- Cv! is :S 0.5 ppmv 
(as applicable). (calc for analyzer initial upscale, Run 1, if applicable) 

SBID, ~IC., -Cm,l Eq. Section 13.2 and 13.3 SB/ DA1t =! ppm- ppm 1= ppm 

Bias Adjusted Average 

RM 7E, (08-15-06), 12.6 Effluent Gas Concentration. For each test run, calculate Cavg, the arithmetic average of all valid concentration values (e.g., 1· 
minute averages). Then adjust the value of Cavg for bias, using Equation 7E-5. (calc for analyzer, Run 1, if applicable) 

c ~(c -c )x( C:""---J Eq. 7E-5 Cc" = [ ppm- pp1x [ ppm 
ppm j = 

ppm 
G11s A,.g o C -C ppm-

,\{ 0 

EXAMPLE CALCULATIONS (BSFC) 
Using HHV with Or {SCFH) 

Using LHV with Q 1 (Btu/hp*hr) 
II!/VxQ1 

BSFC (Btu I hp ·lw) = Q1 
BSFC (Btu I hp ·lw) = 

bhp 

Btu Btu 
BSFC= 

Btu SCF 1 Btu 
BSFC= = X X -hp*hr hp*hr SCF hr hp hp*hr 

Using LHV with Or {SCFH) Using HHV with 0 1 {Btu/hp*hr) 

LHV xQ1 Q xHHV 
BSFC(Btu I hp · hr) ~ 

bhp 
BSFC(Btu I hp ·hr) ~ 1 

LHV 

Btu SCF 1 Btu 
BSFC= 

N/A Btu Btu scf Btu 
BSFC= X X = X X = 

SCF hr hp hp*hr hp*hr SCF Btu hp*hr 

EXAMPLE CALCULATIONS (Emissions based on Table 29 values) 

Emission Rate (lb/hr) 
Eg/hp-hr xbhp 

Or {Btu/hp*hr)} E(iblhr) 
453.6 

g lb lb 
E (lb/hr) = X X hp = 

hr hp*hr 453.6 g 

Emission Rate (g/hp-hr} 
x AflV x .. l · x ... L.x 45~_:_~-x- 20.9% 

Or (Btu/hp*hr)) E(g I hp ·fw) = CRA x Q f x FFaclur -----

!0 6 10 6 G 20.9%-CRA 0 , 

Btu SCF lb 1 parts 1 MMBtu 
E (g/hp-hr) = ppm x X X X 

106 ppm 
X 

106 Btu hp*hr MMBtu !b-mol 

453.6 g lb-mol 20.9% g 
X X X = 

tb '" 20.9%- % hp*hr 

Note: Lack of srgmficant figures may cause roundmg errors between actua! calculatrons and example calculatrons. 
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EXAMPLE CALCULATIONS (RUNS) 

Stack Exhaust Flow (Q8 )- RM19 

Q, ~ ( FFact~:6;o~~o~ HHf} [ 20 9~~~"''o" J 
Os = 

SCF SCF Btu 
X 

hr 
X 

MMBtu SCF 

MMBtu t 20.90% l_ SCFH X 
106 Btu X 20.9%- %j-

N02 Conversion Efficiency Correction 

RM 7E, (08-15-06), 12.8 N02- NO Conversion Efficiency Correction. If desired, calculate the total NOX concentration with a correction for converter 
efficiency using Equations 7E-8. (calc for non-bias corrected {raw) NOx gas, Run 1, if applicable) 

NOx Corr 
~NO+ NOx- NO x 100 

EffNo2 

Moisture Correction 

Eq. 7E-8 NOXcorr = ppm +--.JP;![P~m_c-:._,_2P]"Pm"C___ x 100 = 
% 

ppm 

RM 7E, (08-15-06), RM7E, (08-15-06), 12.10 Moisture Correction. Use Equation 7E-10 if your measurements need to be corrected to a dry basis. (calc 
for THC analyzer, Run 1, if applicable) Note; Calculations may not match as Run 1 results are typically also bias adjusted 

C -~ 0 -
l- Bws 

Eq. 7E-10 

Diluent-Corrected Polutant Concentration, 0 2 Based 

Co = -,---"p~p~m!!.vw 
1 -

ppmvd 

RM 20, (11-26-02), 7.3.1 Correction of Pollutant Concentration Using 02 Concentration. Calculate the 02 corrected pollutant concentration, as follows: 
(calc for gas, Run 1, if applicable) 

C .=C x(20.9%-Ac(JFactorJ 
•ufJ Ga<(Target) ZO 9o; _ C' 

• /0 Gas(Ol) 

r 20.9%- % l 
ppm X l.C2:C00:.9"o/.::._o ----"'-;, r Eq. 20-4 ppm@%0z 

Diluent-Corrected Polutant Concentration, C02 Based 

RM 20, (11-26-02), 7.3.2 Correction of Pollutant Concentration Using C02 Concentration. Calculate the C02 corrected pollutant concentration, as 
follows: (calc for gas, Run 1, if applicable) 

C = C x __ J!.__c:ol. 
11dj G"'(Tmg<'t) (' 

Cia<(C02) 

% 
Eq. 20-5 ppmx 

% 

7.2 C02 Correction Factor. If pollutant concentrations are to be corrected to percent~ and C02 concentration is measured in lieu of~ concentration 
measurement, a C02 correction factor is needed. Calculate the C02 correction factor as follows: 7.2.1 Calculate the fuel specific F0 , as follows: 

F ~ 0.209F,, 
0 F,. 

0.209 X 
Eq. 20-2 

7.2.2. Calculate the C02 correction factor for correcting measurement data to percent oxygen, as follows: 

SCF/MMBtu 

SCF/MMBtu 

_,.y C02 
20.9%- Ac(JFactor 

F, 
Eq. 20-3 

20.9%- % 
Xc02 ~-="'-''------"'- % 

Diluent-Corrected Polutant Concentration Corrected to ISO Conditions 

40CFR60.335(b)(1 ), Conversion for cone. at !SO Conditions (68QF, 1 aim). Calculate, as follows: (calc for@% with Run 1 data, if applicable) 

C =C x {?:" xe(l'h(ll,-oooro33))x(288)''' 
w ~ ~~ ~ 

~
,-----:'---P'---'"9'---+ -14 -692-32-ps-; ~ 

0 01933677 ns1/mm Hn 

ppm@%0z 

(19x( IM0.0.00633)) 1.53 

2.718 xt 288~j = 

Note: Lack of s1gmficant figures may cause rounding errors between actual calculatiOns and example calculations. 
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EXAMPLE CALCULATIONS (RUNS) 

' ' Emissions Rate (lb/hr) 
Calculation for pound per hour emission rate. Calculate, as follows: (calc for gas Run 1, if applicable) 

E = CG"-' x Qs X MJ~-
Elblhr= 

ppm SCFHx lb/lb-mol lb 
/hlflr l06 G 106 ppm/part 

X 
SCF/Ib-mol hr 

Emissions Rate (ton/year) 
Calculation for tons per year emission rate based on 8760 hours per year. Calculate, as follows: (calc for gas Run 1, if applicable) 

Elbthr X hry~ar_ 
E1onlyr= 

lb hr ton ton E ~ X X ro,fyr 2000 hr year 20001b year 

Emissions Rate (lb/MMBtu) 

RM 19, {07-19-06), 12.2 Emission Rates of PM, 802, and NOx. Select from the following sections the applicable procedure to compute the PM, S02, or 
NOx emission rate (E) in ng!J (!b/million Btu). (calc for gas Run 1, if applicable) 

Oxygen Based 

12.2.1 Oxygen·Based F Factor, Dry Basis. When measurements are on a dry basis for both 0.! (%02d) and pollutant (Cd) concentrations, use the 
following equation: 

Elb!MMHIII 
~ 

C0 .,_, !3-~~~df<Octor x Conv c x 20.9%. 
Eq. 19-1 

20.9%- CG"<(02) 

Erb!MMBlu = 
ppm x SCF/MMBtu x lb/ppm*ft3 x 20.9% lb 

20.9%- % MMBtu 

Carbon Dioxide Based 
12.2.4 Carbon Dioxide-Based F Factor, Dry Basis. When measurements are on a dry basis for both C~ (%C02d) and pollutant (Cd) concentrations, 
use the following equation: 

Elb/.11,\f/J/u 

C0 ,u x FdFcrc~or xConvc xlOO% 
Eq. 19-6 

CGa<(C02) 

ErbiMMBtu = 
ppmx SCF/MMBtu x lb/ppm*ft3 x 100% lb = 

% MMBtu 

Conversion Constant 
Convc for 

MW lb lb•mole lb 
--

Convc = 
X 

SCF ppm-ft3 
Convc(lb/ ppm·/1 3

) = 1~6 lb•mole = 
10" 

Sulfur Dioxide Rate (lb/MMBtu}. 40CFR60, App. A, RM 19, Eq. 19-25 (11/20/03) 

SO, (fbi MMB!u) ~ 0.97 x K x S(wl%) 
so2 = 0.97 x 2x104 Btu wt% = lb 

GCV X 
wt%•MMBtu Btu/lb MMBtu 

Emissions Rate (g/hp-hr) 
Calculation for grams per horsepower-hour. Calculate, as follows: (calc for gas Run 1, if applicable) 

Eg!hp-hr = 
Elb/hr x453.6 Elblhr x453.6 

·or· 
mwxl314.022 hp lb 453.6 g 1 mw g 

Eg/hp-hr = X X X ~ 

hr lb mw 1314.022 hp hp*hr 

lb 453.6 g 1 g 
Eg/hp-hr = X X = hr lb hp hp*hr 

u di Note. Lack of srgmfican\ figures may cause ro n ng errors between actual cal cui ation a d s n example calculatmns. 
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EXAMPLE CALCULATIONS (FTIR SPIKE) 

Concentration to dilute by 90% (ppmvw) 

AVG ~ AVG, 
,, 2 

AVGd= 
ppmvw - ppmvw 
2 

Ideal matrix spike yield (ppmvw) 

Y ~AVG x(ik_J+AVG x(l-ik_J 
J<ftw/ d Q_,,ys r Qsys 

Yideal = ppmvwxt 
lpm 

lpm } ppmvwx [ 1-
lpm 

lpm } ppmvw 

Minimum matrix spike yield (ppmvw) Maximum matrix spike yield (ppmvw) 

Yntill = Yi<leal X 0.7 Y,m~ = Yideal X 1.3 

Y;do~l = ppmvw x 0.7 = ppmvw Y;daal = ppmvw x 1.3 = ppmvw 

Note. lack of s1gn1ficant figures may cause round1ng errors bel\veen actual ca!culahons and example calculations. 
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RM 7E, (08·15·06), 12.1 Nomenclatura. The terms used in the equations are defined as follows: 

ACE "Analyzer calibration error, percent of calibration span. 
Bws " Moisture content of sample gas as measured by Method 4 or other approved method, percenV100. 
CAvg" Average unadjusted gas concentration indicated by data recorder for the test run. 

C0 " Pollutant concentration adjusted to dry conditions. 

Ca:r " Measured concentration of a calibration gas (low, mid, or high) when introduced in direct calibration mode. 
CG,." Average effluent gas concentration adjusted for bias. 

CM "Average of initial and final system calibration bias (or 2-point system calibration error) check responses for the upscale calibration gas. 
C~IA" Actual concentration of the upscale calibration gas, ppmv. 

C0 =Average of the initial and final system calibration bias {or 2-point system calibration error) check responses from the low-level (or zero) calibration gas. 
C5 " Measured concentration of a calibration gas (low, mid, or high) when introduced in system calibration mode. 
Css" Concentration of NOx measured in the spiked sample. 

Cspi~o" Concentration of NOx in the undiluted spike gas. 

Ccalo" Calculated concentration of NOx in the spike gas d'lluted in the sample. 

Cv" Manufacturer certified concentration of a calibration gas (low, mid, or high). 

Cw " Pollutant concentration measured under moist sample conditions, wet basis. 

CS"' Calibration span. 

D"' Drift assessment, percent of calibration span. 

Ep"' The predicted response for the low-level and mid-level gases based on a linear response line between the zero and high-level response. 
Eff~102 " N02 to NO converter efficiency, percent. 

H == High calibration gas, designator. 

L" Low calibration gas, designator. 
M == Mid calibration gas, designator. 

NOFinal "The average NO concentration observed with the analyzer in the NO mode during the converter efficiency test in Section 16.2.2. 
NOxCorr =The NOx concentration corrected for the converter efficiency. 

NOxFinal " The final NOx concentration observed during the converter efficiency test in Section 16.2.2. 
NOxPeak " The highest NOx concentration observed during the converter efficiency test in Section 16.2.2. 
Ospi<e = Flow rate of spike gas introduced in system calibration mode, Umin. 

0 10w" Total sample flow rate during the spike test, Umin. 

R " Spike recovery, percent. 

SB " System bias, percent of calibration span. 
SB," Pre-run system bias, percent of calibration span. 

SB1 " Post-run system bias, percent of calibration span. 

SB I DAl1 =Alternative absolute difference criteria to pass bias and/or drift checks. 

SCE =System calibration error, percent of calibration span. 
SCE1 " Pre-run system calibration error, percent of calibration span. 

SCEfi .. 1 = Post-run system calibration error, percent of calibration span. 

Z"' Zero calibration gas, designator. 

40CFR60.355(b){1}, (09·20-06), Nomenclature. The terms used In the equations are defined as follows: 

P," reference combustor inlet absolute pressure al101.3 kilopascals ambient pressure, mm Hg 
P0 " observed combustor inlet absolute pressure at test, mm Hg 

H0 =observed humidity of ambient air, g H20/g air 

e"' transcendental constant, 2.718 
Ta" ambient temperature, K 

Small Engine and FTIR Nomenclature. The terms used In the equations are defined as follows: 

bhp =brake horsepower 

hp " horsepower 

Osys " system flow (lpm) 

Om= matrix spike flow (lpm) 
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RM 19, (07-29-06), 12.1 Nomenclature. The terms used In the equations are defined as follows: 

AdjFactor = percent oxygen or carbon dioxide adjustment applied to a target polltant 

B,.... = Moisture fraction of ambient air, percent. 

Btu = British thermal unit 

%c = Concentration of carbon from an ultimate analysis of fuel, weight percent. 

%c026Yoco2w =Concentration of carbon dioxide on a dry and wet basis, respectively, percent. 

CIP I COP= Combustor inlet pressure I compressor discharge pressure (mm Hg); note, some manufactures reference as PCD. 

E = Pollutant emission rate, ng/J (lb/million Btu). 

E.= Average pollutant rate for the specified performance test period, ng/J (lb/million Btu). 

E.,, E.1 =Average pollutant rate of the control device, outlet and inlet, respectively, for the performance test period, ng/J (lb/million Btu). 

E01 = Pollutant rate from the steam generating unit, ngiJ (lb/million Btu). 

E00 = Pollutant emission rate from the steam generating unit, ng/J (lb/million Btu). 

Ed = Pollutant rate in combined effluent, ng/J (lb/million Btu). 

E"" = Pollutant emission rate in combined effluent, ng/J (lb/million Btu). 

Ed= Average pollutant rate for each sampling period (e.g.,24-hr Method 6B sample or 24-hr fuel sample) or for each fuel lot (e.g., amount of fuel bunkered), ng/J {lb/million Btu). 

Edi =Average inlet S02 rate for each sampling period d, ng/J (lb/million Btu). 

Err= Pollutant rate from gas turbine, ng/J (lb/million Btu). 

E(lil =Daily geometric average pollutant rate, ngfJ {lbs/million Btu) or ppm corrected to 7 percent 0 2. 

Eio,E~ =Matched pair hourly arithmetic average pollutant rate, outlet and inlet, respectively, ng/J {lb/million Btu) or ppm corrected to 7 percent 0 2. 

Eh =Hourly average pollutant, ng/J (lb/mil!ion Btu). 

Ehl =Hourly arithmetic average pollutant rate for hour "j," ng/J (lbfmillion Btu) or ppm corrected to 7 percent 0 2• 

EXP =Natural logarithmic base (2.718) raised to the value enclosed by brackets. 

Fe= Ratio of the volume of carbon dioxide produced to the gross calorific value of the fuel from Method 19 

F d• F w• Fe= Volumes of combustion components per unit of heat content, scm!J (scf/million Btu). 

ft3 = cubic feet 

G = ideal gas conversion factor 

(385.23 SCF/Ib-mol at 68 deg F & 14.696 psia) 

GCM = gross Btu per SCF (constant, compound based) 

GCV = Gross calorific value of the fuel consistent with the ultimate analysis, kJ/kg {Btuflb). 

GCVP, GCV, =Gross calorific value for the product and raw fuel lots, respectively, dry basis, kJ/kg (Blu/lb). 

%H = Concentration of hydrogen from an ultimate analysis of fuel, weight percent. 

Hb = Heat input rate to the steam generating unit from fuels fired in the steam generating unit, J/hr (million Btu/hr). 

H9 = Heat input rate to gas turbine from all fuels fired in the gas turbine, J/hr (million Btu/hr). 

%H2o = Concentration of water from an ultimate analysis of fuel, weight percent. 

H, =Total numbers of hours in the performance test period (e.g., 720 hours for 30-day performance test period). 

K =volume of combustion component per pound of component (constant) 

K =Conversion factor, 10"5 (kJIJ)/(%) [106 Btu/million Btu]. 

Kc = (9.57 scm/kg)/% [(1.53 scf/lb)/%J. 

Koc = (2.0 scm/kg)/% [(0.321 scf/lb)/%]. 

KM = (22.7 scm/kg)/% [(3.64 scf/lb)/%]. 

KhN = (34.74 scm/kg)/% [(5.57 scfllb)/%]. 

Kn = {0.86 scm/kg)/% 1(0.14 scf/lb)/%]. 

Ko = (2.85 scm/kg)/% [(0.46 scf/!b)/%]. 

K. = (3.54 scm/kg)/% [(0.57 scf/lb)/%1. 

Koul!ur = 2x101 Btulwt%-MMBtu 

Kw = (1.30 scm/kg)/% [(0.21 scfllb)/%]. 

!b =pound 

In= Natura! log of indicated value. 

Lp,lr =Weight of the product and raw fuel lots, respectively, metric ton (ton). 

%11 = Concentration of nitrogen from an ultimate analysis of fuel, weight percent. 

M% = mole percent 

mol= mole 

MW = molecular weight (lb/lb-mol) 

MWAIR =molecular weight of air ( 28.96251b!lb-mole) 1 

NCM = net Btu per SCF (constant based on compound) 

%0 = Concentration of oxygen from an ultimate analysis of fuel, weight percent. 

%02d, %02 ... = Concentration of oxygen on a dry and wet basis, respectively, percent. 

P8 = barometirc pressure, in Hg 

P, =Potential S02 emissions, percent. 

%5 = Sulfur content of as-fired fuel lot, dry basis, weight percent. 

Se =Standard deviation of the hourly average pollutant rates for each performance test period, ng/J (lb/million Btu). 

%51 = Concentration of sulfur from an ultimate analysis of fuel, weight percent. 

S(wt%) =weight percent of sulfur, per lab analysis by appropriateASTM standard 

S, = Standard deviation of the hourly average inlet pollutant rates for each performance test period, ng/J (lb/million Btu). 

$ 0 = Standard deviation of the hourly average emission rates for each performance test period, ng/J (lb/mlllion Btu). 

%SP, %S, = Sulfur content of the product and raw fuel lots respectively, dry basis, weight percent. 

SCF = standard cubic feet 

SH =specific humidity, pounds of water per pound of air 

lo 95 =Values shown in Table 19-3 for the indicated number of data points n. 

Tamb =ambient temperature, °F 

WID Factor= 1.0236 = conv. at 14.696 psia and 

68 deg F (ref. Civil Eng. Ref. Manual, 7th Ed.) 

Xc02=C02 Correction factor, percent. 

Xk = Fraction of total heat input from each type of fuel k. 
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Calculations, Formulas, and Constants 
The following information supports the spreadsheets for this testing project. 

Given Data: 
Ideal Gas Conversion Factor= 385.23 SCF/Ib-mol at 68 deg F & 14.696 psia 

Fuel Healing Value is based upon Air Hygiene's fuel gas calculation sheet. All calculations are based upon a correction to 68 deg F & 14.696 psia 
High Healing Values (HHV) are used for the Fuel Heating Value, F-Factor, and Fuel Flow Data per EPA requirements. 

ASTM D 3588 
Molecular Weight of NOx (lb/fb-mole) = 46.01 

Molecular Weight of CO (lb/lb-mole) = 28.00 

Molecular Weight of 802 (lb/lb-mole) = 64.00 
Molecular Weight ofTHC (propane) (lb/lb-mole) = 44.00 

Molecular Weight of VOC (methane) (lb!lb-mo!e) = 16.00 

Molecular Weight of NH3 (lb/!b-mole) = 17.03 

Molecular Weight of HCHO {lb/lb-mo!e) = 30.03 

Formulas: 
1. Corrected Raw Average (CGas), 40CFR60, App. A, RM 7E, Eq. 7E-5 (08/15/06) 

ea"' = (e"'< -ea)x(e e~"e ) 
,\/ 0 

2. Correction to% 0 2 , 40CFR60, App. A, RM 20, Eq. 20-5 (11/26/02) 

e = e (20.9%- AdjFactor J 
mlj Gas(Targel) X 20 9 'Y( _ C 

• 0 Gas{02) 

3. Emission Rate in lb/hr 

Elbffw 
= CGas X Qs xMTV 

10 6 G 

RATA SHEET CALCULATIONS 
d = Reference Method Data - GEMS Data 

Sd = Standard Deviation 

CC = Confident Coefficient 

n = number of runs 

to.025 = 2.5 percent confidence coefficent T-values 

RA = relative accuracy 

ARA = alternative relative accuracy 

BAF = Bias adjustment factor 

1. Difference 

2. Standard Deviation 

11 -1 

3. Confident Coefficient 

sd cc = to.o25 x r 
-vn 
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n 
2 
3 
4 
5 
6 

t 
12.706 
4.303 
3.182 
2.776 
2.571 

40CFR60, App. A., RM 19, Table 19-1 
Conversion Constant for NOx = 0.0000001194351 

Conversion Constant for CO = 0.0000000726839 

Conversion Constant for 802 = 0.0000001661345 

Conversion Constant for THC = 0.0000001142175 

Conversion Constant forVOC (methane)= 0.0000000415336 

Conversion Constant for NH 3 = 0.0000000442074 

Conversion Constant for HCHO = 0.0000000779534 

NOTE: units are lb/ppm~tt3 

4. Emission Concentration in lb/MMBtu (0 2 based) 

E = Caas x F,Factor x Conv c x 20.9% 
lbl MAIH!u 20 9 'Y( _ c 

• 0 Gas(02) 

5. Emission Concentration in lb/MMBtu (C0 2 based) 

E - eGa.< X FdFactor X Conv c X 100% 
lb!MM/Jtu- C 

n 
7 
8 
9 
10 
11 

Gas(C02) 

n t 
2.447 12 2.201 
2.365 13 2.179 
2.306 14 2.160 
2.262 15 2.145 
2.228 16 2.131 

4. Relative Accuracy 

RA = ldAva Heel x Joo 
RMAVG 

5. Alternative Relative Accuracy 

5. Bias Adjustment Factor 

BAF =l+( ldAvcl J 
eEMAVG 
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March 17, 2015 

Regional Administrator 
U.S. EPA- Region 6 
Fountain Place 12th Floor, Suite 1200 
1445 Ross Avenue 
Dallas, TX 75202-2733 

Dear Administrator: 

. .. . ... ~~ -

Enclosed please find one copy each of the ·fallowing 40 CFR 60, Subpart JJJJ emission compliance test 
reports, submitted by Air Hygiene International, Inc., on behalf of XTO Energy, Inc. for the following 
engines. 

• Dedek 1-1 H2X, unit #805653, Love County, OK 
• Green 1-1 H, unit #805640, Carter County, OK 
• Greenway 1 H-35, unit #805649, Carter County, OK 
• Galileo 1-1 HI Luna 1-6H, unit #805650, Carter County, OK 
• Veronica 5-9, unit# 6645, Carter County, OK 

~ .,, 
,. 

If you have any questions, comments, or concerns please feel free to contact me at (318) 560-911 0 or , 
mbarry@airhygiene.com. 

Sincerely, 

~-ftu /J(_ 
Mathew Barry, Q.)3TI 
Test Manager 

Encl. (5) 

cc: 
xto-15-multi.ok-eng#3 
William Payne, XTO Energy, Inc. 
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Emissions Compliance Test 
Caterpillar, G3306 TA, Unit #805640, Serial #R6S02051 

XTO Energy, Inc. 
Green 1-1H 

Carter County, Oklahoma 
February 19, 2015 

1.0 INTRODUCTION 

Air Hygiene International, Inc. (Air Hygiene) has completed the emissions testing study for nitrogen oxides 
(NOx), carbon monoxide (CO), total hydrocarbons/volatile organic compounds (THC/VOC), and oxygen (02) 

from the exhaust of the Caterpillar, G3306 TA, Unit #805640, Serial #R6S02051 for XTO Energy, Inc. at the 
Green 1-lH in Carter County, Oklahoma. This report details the background, results, process description, and the 
sampling/analysis methodology of the stack sampling survey conducted on February 19, 2015. 

1.1 TEST PURPOSE AND OBJECTIVES 
The purpose of the test was to conduct the initial emission test to document levels of selected pollutants at 
maximum operation levels of the unit. The information will be used to confirm compliance with the air quality 
permit requirements. The specific objective was to determine the emission concentration ofNOx, CO, 
THC/VOC, and 0 2 from the exhaust ofXTO Energy, Inc.'s Caterpillar, G3306 TA, Unit #805640, Serial 
#R6S02051. 

1.2 SUMMARY OF TEST PROGRAM 

The following list details pertinent information related to this specific project: 

1.2.1 Pa1ticipating Organizations 
• Oklahoma Department of Environmental Quality (ODEQ) 
• XTO Energy, Inc. 
• Air Hygiene 

1.2.2 Industry 
• Natural Gas Exploration and Production 
• Natural Gas Transport and Processing 

1.2.3 Air Permit and Federal Requirements 
• Permit Number: 2014-0283-NOI 

1.2.4 Plant Location 
• Green 1-IH in Carter County, Oklahoma 
• GPS Coordinates [Latitude 34.144300, Longitude -96.736690] 

xto-15-multi.ok-eng#3-green ].] H-805640 



1.2.5 Equipment Tested 
• Caterpillar, 03306 TA, Unit #805640, Serial #R6S02051 
• Name Plate and Serial Number Verification 

1.2.6 Emission Points 
• Exhaust from the Caterpillar, 03306 TA, Unit #805640, Serial #R6S02051 

1.2.7 Emission Parameters Measured 
• NOx • THCIVOC 
• co • o, 

1.2.8 Date of Emission Test 
• February 19,2015 

1.3 KEY PERSONNEL 

XTO Energy, Inc.: 
Air Hygiene: 
Air Hygiene: 

2.0 SUMMARY OF TEST RESULTS 

William J. Payne 
Mathew Barry 
Jordan McCormick 

903-391-1456 
918-307-8865 
918-307-8865 

Results from the sampling conducted on XTO Energy, Inc.'s Caterpillar, 03306 TA, Unit #805640, Serial 
#R6S02051 located at the Green 1-lH on February 19,2015 are summarized in the following table and relate only 
to the items tested. 

xto-l5-multi.ok-eng#3-green 1-1 H-805640 2 



TABLE 2.1: ENGINE EMISSIONS REPORT 
XTO ENERGY, INC. 

CATERPILLAR, G3306 TA, UNIT #805640, SERIAL #R6S02051 

Test Period: Qtr 1-2015 Manufacturing Air Permit Number: 2014-0263-NOI 

Location: Green 1-1H or Rebuild Date Unit Number: 605640 

Date: February 19,2015 01/21/14 Suction Pressure (psi): 40 

Project Number: xto-15-multi.ok-eng#3 Discharge Pressure (psi): 971 

Engine Manufacturer: Caterpillar Federal Stack Exhaust Temperature rF): --
Engine Model: 03306 TA Regulatory Rated Horsepower (hPr): 203 

Engine Serial Number: R6S02051 Citation Brake Horsepower (bhp): 166 

Analyzer Manufacturers: TECO(NOx), TECO(CO), SERV(02.), VIG(THC), MKS(THC,CH.,C,H6) Subpart JJJJ Engine Fuel Flow (SCFH): 672 

Analyzer Model Numbers: 42C,46C, 1440,210,2030 Specific Gravity: 0.7667 

Date Analyzers Calibrated: February 19,2015 §60.4233 and/or Fuel Heating Value IHHV] (Btu/SCF): 1.247 

Test Results and Calculations: Appendix A 
§60.4243 

BSFC (Btu/hp"hr): 5.651 

Emission Data Records: Appendix B Annual Hours Allowed to Operate: 6,760 

Calibration Gas Certifications: Appendix C Engine Speed (rpm): 1,646 

Quality Assurance and QC Data: Appendix D Air Manifold Temp ("F): 62 

Fuel Analysis Records: Appendix E Air Manifold Pressure (psi): 15 

Ambient Temperature (°F): 36.3 Operating Hours (hours): -
Barometric Pressure (in. Hg): 3D.42 Available Horsepower (hpa): 166 

Relative Humidity (%): 47 Rated Engine Speed (rpm): 1,800 

Emission Test Results Rated Manifold Pressure (in. Hg (abs)): -
Pollutant (units) Stack Test Results State Limits Federal Limits PassinCJ Engine Load (%): 100 

o, (%) 0.13 -- -- -- Fuel Flow (scfm): 21 

NOx (ppmvd) 33.84 -- -- -- MBrake horsepower based on available horsepower multiplied by 

co (ppmvd) 201.29 -- -- -- load. 

voc (ppmvd) 4.56 
MAvailable horsepower based on the engine speed ratio (actual vs -- -- -- rated), see Engine Spec Sheet, Appendix B. 

NOx (ppmvd 15%0,) 9.62 -- 82.00 YES -Load available from engine panel and/or site personnel. 
co (ppmvd 15%0,) 57.23 - 270.00 YES 
voc (ppmvd 15%0,) 1.30 -- 60.00 YES 
NOx (g/hp*hr) 0.09 -- 1.00 YES 
co (g/hp*hr) 0.34 -- 2.00 YES 
voc (g/hp*hr) 0.01 -- 0.70 YES 

All testing conducted according to United States Environmental Protection Agency (EPA), Methods: 3a, ?e, 10, Tested By: Air Hygiene International, Inc. 

19, 18/25a and 320. 
Tester(s) I Test Unit(s): MB/JM 
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3.0 SOURCE OPERATION 

3.1 PROCESS DESCRIPTION 

The unit tested was a Caterpillar, 03306 TA, Unit #805640, Serial #R6S02051. The engine is rated at 203 
horsepower. The engine emissions are vented to the atmosphere through an exhaust system extending from the 
engine. The rich burn engine uses a NSCR (Non-Selective Catalytic Reduction) catalyst located between the 
engine and the exhaust stack. 

3.2 SAMPLING LOCATION 

The stack measures 4 inches in diameter with an elevation at the top of I 0 feet above grade. The stack lacked 
access to exhaust ports and testing was conducted using a stainless steel hook over the top of the stack and down 
into the exhaust. The hook extended at least 0.5 stack diameters fi·om the exit to the atmosphere and at least 2.0 
stack diameters from the upstream disturbance. All exhaust samples for gaseous emissions were continuously 
drawn from a single point near the center of the stack. 

4.0 SAMPLING AND ANALYTICAL PROCEDURES 

4.1 TEST METHODS 

The emission test on the Caterpillar, 03306 TA, Unit #805640, Serial #R6S02051 at the Green 1-1 H was 
performed following United States Environmental Protection Agency (EPA) methods described by the Code of 
Federal Regulations (CFR). Table 4.1 outlines the specific methods performed on February 19,2015. 

TABLE 4.1 
SUMMARY OF SAMPLING METHODS 

Pollutant or Parameter Sampling Analysis Method Method 

Sample Point Location EPA Method 1 Equal Area Method 

Oxygen EPA Method 3A Paramagnetic Cell 

Nitrogen Oxides EPA Method ?E Chemiluminescent Analyzer 

Carbon Monoxide EPA Method 10 
Nondispersive Infrared 
Analyzer 

Stack Flow Rate EPA Method 19 Dry Oxygen F Factor 

Total Hydrocarbons, Volatile 
Organic Compounds, Methane, EPA Method 320 Fourier Transform Infrared 
Ethane, C02, H20 
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4.2 INSTRUMENT CONFIGURATION AND OPERATIONS FOR GAS ANALYSIS 

The sampling and analysis procedures used during these tests conform with the methods outlined in the Code of 
Federal Regulations (CFR), Title 40, Part 60, Appendix A, Methods I, 3A, 7E, I 0, 19, and Appendix A, Method 
320. 

Figure 4.1 depicts the sample system used for the real-time gas analyzer tests. The gas sample was continuously 
pulled through the probe and transported, via heat-traced Teflon® tubing, to a heated head pump and into the 
FTIR then to a stainless steel minimum-contact condenser designed to dry the sample. Transportation of the 
sample, through Teflon® tubing, continued into the sample manifold within the mobile laboratory via a stainless 
steel/Teflon® diaphragm pump. From the manifold, the sample was patiitioned to the real-time analyzers through 
rotameters that controlled the flow rate of the sample. Exhaust samples were routed to the wet based analyzer 
prior to gas conditioning. 

Figure 4.1 shows that the sample system was also equipped with a separate path through which a calibration gas 
could be delivered to the probe and back through the entire sampling system. This allowed for convenient 
performance of system bias checks as required by the testing methods. 

All instruments were housed in an air-conditioned, trailer-mounted mobile laboratory. Gaseous calibration 
standards were provided in aluminum cylinders with the concentrations certified by the vendor. EPA Protocol 
No. I was used to determine the cylinder concentrations where applicable (i.e. NOx calibration gases). 

Table 4.2 provides a description of the analyzers used for the instrument portion of the tests. All data from the 
continuous monitoring instruments were recorded on a Logic Beach Portable Data Logging System Hyperlogger 
which retrieves calibrated electronic data from each instrument every one second and reports an average of the 
collected data every 30 seconds. For target compounds measured with the Fourier transform infrared (FTIR) 
spectrometer, interferograms consisting of27 co-added scans were recorded continuously during the test periods, 
and provided approximately 30-second average concentrations. Spectral data was analyzed by the MKS MG2000 
software. Data records can be found in Appendix A and B of this repmi. 

Three test runs of approximately 60 minutes each were conducted on the Caterpillar, G3306 TA, Unit #805640, 
Serial #R6S02051 in the "as found" operating condition for NOx, CO, THC/VOC, and 0 2 • 

The stack gas analysis for 0 2 concentrations was performed in accordance with procedures set forth in EPA 
Method 3A. The 0 2 analyzer uses a paramagnetic cell detector and the C02 analyzer uses a continuous 
nondispersive infrared analyzer. 

EPA Method 7E was used to determine concentrations ofNOx. A chemiluminescent analyzer was used to 
determine the nitrogen oxides concentration in the gas stream. A N02 in nitrogen certified gas cylinder was used 
to verity at least a 90 percent N02 conversion on the day of the test. 

CO emission concentrations were quantified in accordance with procedures set forth in EPA Method 10. A 
continuous nondispersive infrared (NDIR) analyzer was used for this purpose. 

An MKS Instruments- MultiGas™ Fourier Transform lnfi·ared (FTIR) spectrometer, or equivalent, was used for 
C02, H20, THC, VOC, HCHO, methane and ethane analysis per EPA Method 320. The FT!R spectrometer 
spectral resolution was 0.5 cm-1

• The system employed a silicon carbide infrared source at 1200"C, a helium neon 
reference laser, beam splitters, potassium bromide (KBr) cell window, front-surface optical transfer mirrors, and 
multi-pass absorption cells. MCT detectors were used and cooled with liquid nitrogen in order to maintain a 
constant temperature of77 Kelvin. The approximately 5.11-meter multi-pass path cells incorporated aspheric, 
aberration-correcting mirrors to increase the optical throughput and the detection sensitivity. Transducers and 
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thermocouples were connected directly to the insulated sample cells that provide the pressure and temperatures of 
the sample streams. During testing, the temperatnre ofthe absorption cells was set at 191 'C. Elevated 
temperature prevented gas condensation within the cell and minimized compound adhesion to the cell walls and 
mirrors. The volume of the absorption cell was 0.5 liters, so at a sample gas flow rate of4.0 liters per minute, the 
sample gas in the cell is refreshed approximately four times each minute. lnterferograms consisting of28 co
added scans were recorded continuously during the test periods, and provided approximately 30-second average 
concentrations. 

THC concentration in the flue gas was quantified by the summation of an exponential expression of methane, 
ethane, ethylene, acetylene, propane, propylene, butane, and hexane. The THC calculation includes FID response 
factors as recommended by Society of Automotive Engineers (SAE) Paper No. 770141, "Optimization of Flame 
Ionization Detector for Determination of Hydrocarbon in Diluted Automotive Exhausts"; author Glenn D. 
Reschke. VOC concentration in the flue gas included all components minus the summation of methane and 
ethane. 

Parameter Manufacturer 
and Model 

NOx THERM042C 

co THERM048C 

THC, VOC, 
Methane, 

MKS 2030 Ethane, C02, 
H20 

02 
SERVOMEX 

1440 

TABLE 4.2 
ANALYTICAL INSTRUMENTATION 

Range Sensitivity Detection Principle 

User may 
Thermal reduction of N02 to NO. 
Chemiluminescence of reaction of select up to 0.1 ppm 
NO with 0,. Detection by PMT. 5,000 ppm 
Inherently linear for listed ranges. 

User may Infrared absorption, gas filter 
select up to 0.1 ppm correlation detector, microprocessor 
10,000 ppm based linearization. 

User may 
select from 0.1 ppm Fourier Transform Infrared- FTIR 

multiple ranges 

0-25% 0.1% Paramagnetic cell, inherently linear. 

xto-15-multi.ok-eng#J-green 1-lH-805640 
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APPENDIX A 

TEST RESULTS AND CALCULATIONS 



xto-15-multi.ok-eng#3-green1-1 H-805640 

EMISSION CALCULATIONS SUMMARY TABLES 

Company: XTO ENERGY, INC. 
Engine Tested: caterpillar, G3306 TA, Unit #805640 

Engine Serial#: R6S02051 

Stack Gas Flow Rate: Method 19 

Brake 
0 2 Conc.(%) FuellloaH"9 [HHV[ Test# 

Horsepower Value~Biu'SCFI 

1 185 0.40 1,247 

2 186 -0.02 1,247 

3 186 0.01 1,247 

Average 186 0.13 1,247 

NOx Mass Emission Rate 

Test# 
Brake NOxConc. 

MW 
Horsepower (ppmvd) 

1 185 39.53 46.01 

2 186 45.33 46.01 

3 186 16.65 46.01 

Average 186 33.84 46.01 

NOx @15%02 Concentration 

Brake NOx Cone. NOx@15%0J 
Test# 

Horsepower (ppmvd) (ppmvd) 

1 185 39.53 11.38 

2 186 45.33 12.78 

3 186 16.65 4.70 

Average 186 33.84 9.62 

CO Mass Emission Rate 

Test# 
Brake CO Cone. 

MW 
Horsepower (ppmvd) 

1 185 227.34 28.00 

2 186 240.86 28.00 

3 186 135.67 28.00 

Average 186 201.29 28.00 

CO @15%02 Concentration 

Test# 
Brake CO Cone. C0@15%02 

Horsepower (ppmvdl (ppmvd) 

1 185 227.34 65.43 

2 186 240.86 67.92 

3 186 135.67 38.32 

Average 186 201.29 57.23 

VOC Mass Emission Rate 

Brake THCCone. 
MW Test# 

Horsepower (ppmvd) 

1 185 5.38 44.00 

2 186 4.61 44.00 

3 186 3.69 44_00 

Average 186 4.56 44.00 

VOC @15%02 Concentration 

Test# 
Brake THC Cone. VOC@15%0 2 

Horsepower (ppmvd) (ppmvd) 

1 185 5.38 1.55 

2 186 4.61 1.30 

3 186 3.69 1.04 

Avera e 186 4.56 1.30 

Date: February 19,2015 
Location: Green 1·1H 

F Factor-Dry Oxy. Fuel Flow Stack Flow 
(DSCFexiMMBtu) (SCF/hr) (SCF/hr) 

8,741.22 875 9,723 

8,741.22 871 9,480 

8,741.22 871 9,496 

8,741.22 872 9,566 

E (g/hp'hr) E(lb/hr) E (tonlyr) 

0.11 0.05 0.20 

0.13 0.05 0.22 

0.05 0.02 0.08 

0.09 0.04 0.17 

E (g/hp'hr) E(lb/hr) E (tonlyr) 

0.39 0.16 0.70 

0.40 0.17 0.73 

0.23 0.09 0.41 

0.34 0.14 0.61 

E (glhp'hr) E(lb/hr) E (ton/yr) 

0.01 0.01 0.03 

0.01 0.00 0.02 

0.01 0.00 0.02 

0.01 0.00 0.02 

App.A 



Calculations, Formulas, and Constants 
The following information supports the spreadsheets for this testing project. 

Given Data: 
Ideal Gas Conversion Factor"' 385.23 SCF/Ib-mol at 68 deg F & 14.696 psia 
Fuel Heating Value is based upon Air Hygiene's fuel gas calculation sheet. AI! calculations are based upon a correction to 68 deg F & 14.696 psia 
High Heating Values (HHV) are used for the Fuel Heating Value, F-Factor, and Fuel Flow Data per EPA requirements. 

ASTM 03588 
Molecular Weight of NOx (lbllb-mole) 0: 46.01 
Molecular Weight of CO (!b/lb-mole)"" 28.00 

Molecular Weight of S02 (lb/lb-mole} = 64.00 
Molecular Weight of THC (propane) (lb/lb-mole) = 44.00 

Molecular Weight of VOC (methane) (Jb/lb-mole) = 16.00 
Molecular Weight of NH3 {lb/lb-mole) = 17.03 

Molecular Weight of HCHO (lb/lb-mo!e) = 30.03 

Formulas: 
1. Corrected Raw Average (CGas), 40CFR60, App. A, RM 7E, Eq. 7E-5 (08/15/06) 

c '" = (c,,, - c 0 )x ( c c ~'c J 
• .\J 0 

2. Correction to% 0 2, 40CFR60, App. A, RM 20, Eq. 20-5 (11/26/02) 

C _ C ( 20.9% - AcljFactor ) 
adj - Gas(Targa) X 

20 9,. _ C 
' Yo Ga$(02) 

3. Correction to % 0 2 and ISO Conditions 

C _ C Jt• (19,(H 0 -0 0063) )) ( 288 )UJ ISO- .ia) X -Xe X --
P, . Ta 

xto-15-multi. ok-eng#3-green 1-1 H-805640 

40CFR60, App. A., RM 19, Table 19-1 
Conversion Constant for NOx = 0.0000001194351 
Conversion Constant for CO= 0.0000000726839 

Conversion Constant for S02 = 0.0000001661345 
Conversion Constantfor THC = 0.0000001142175 

Conversion ConstantforVOC (methane)= 0.0000000415336 
Conversion Constant for NHl = 0.0000000442074 

Conversion Constant for HCHO = 0.0000000779534 

NOTE: units are !b/ppm*ft3 

5. Emission Rate in !b/hr 

£/!:>1/,r 
COai Qs Xi\JTV 

" --X =-::c--
!06 G 

6. Emission Rate in tons per year 

£ I!J hr X hr_war 
Eron'J.,. ;:;: _;::_:2::_0_0_0-=-

7. Emission Concentration in lb/MMBtu (02 based) 

E _ CGCI.f x FdFactor x Convc x20.9% 
lb 1.\LilBru - 70 9'. - C 

~ . Yo G.JI(02) 

8. Emission Concentration in g/hp*hr 

E E1/J.'hr X 453.6 E'-'16'-'.21,::_. c-x_4c_5:.3:.._6 = or-
2 ILD·}v· mw X 1341.022 hp 

App. A 



EXAMPLE CALCULATIONS (FFACTOR) 

RM 19, (02-27-14), 
Mark's Std Hdbk, 10th ed.,pg 4-26 2.0 Summary of Method, 

2.1 Emission Rates. Oxygen High Heat Value Dry (HHVdry), calc for Methane (single component for the fuel gas) 

(02) or carbon dioxide (C02) 

HHV,,, (Btu I SCF) ~ [ ( ·:~~) x GC\f] concentrations and appropriate HHVdry= 
66.67% 994.85 Btu 663.23 Btu ---x = 

F factors {ratios of combustion 100.00 SCF SCF 
gas volumes to heat inputs) are 
used to calculate pollutant 
emission rates from pollutant Mark's Std Hdbk, 10th ed., pg 4-26 
concentrations. 

Low Heat Value Dry (LHVdry). calc for Methane (single component for the fuel gas) 

( ) [('\{, ) ] 66.67 % 895.75 Btu 597.17 Btu 
RM 19, (02-27-14), LHV d--;..- Btu I SCF ::: lO~ x NCM _ LHVdrv= ---x 

SCF SCF 
12.2 Emission Rates of PM, 

100.00 

S02, and NOx. Select from the 

following sections the applicable 
Civil Eng. Ref. Man.,7th Ed.,pg 14-9/GPA Ref. Bulletin 181-86, App. C procedure to compute the PM, 

S02, or NOx emission rate (E) High Heat Value Wet (HHVweJ. calc for entire sample (all components of the fuel gas) 

in lb/MMBtu. The pollutant 
HHV. concentration must be in lb/scf HHV 

1
(Btu/SCF)= "'' HHVwet= 

1,367.44 Btu/SCF 
1,335.91 Btu/SCF 

and the F factor must be in 
= 

"" TV I D.factor 1.0236 
scf/MMBtu. If the pollutant 
concentration (C) is not in the 
appropriate units, use Table 

Civil Eng. Ref. Man.,7th Ed.,pg 14-9/GPA Ref. Bulletin 181-86, App. C 
19-1 in Section 17.0 to make 
the proper conversion. An F Low Heat Value Wet (LHV""'J, calc for entire sample (all components of the fuel gas) 

factor is the ratio of the gas 
LHV. volume of the products of Ll!V ,(Btu/ SCF) ~ "' LHVwet = 

1,245.15 Btu/SCF 
= 1,216.44 Btu/SCF 

combustion to the heat content '"= TV I D.factor 1.0236 
of the fuel. The dry F factor (F & 
includes all components of 
combustion less water, the wet Lbs Component per Lb-Mol of Gas (CM), calc for Methane (single component for the fuel gas) 
F factor (F w) includes all 
components of combustion, and 

C\l(lb I /b-mol)= [( ~~~ )x MW l 66.67% 16.04 lb 
the carbon F factor (F c) includes CM= 

100.00 
X 

lb-mol 
- 10.70 lb/lb-mol 

only carbon dioxide. 

ASTM D 3588 Btu per Lb of Gas Gross (GCV) 
[HHV. xG] 

Fuel Molecular Weight (MWFue1) GCV (Bru 1/b) = ;' 

,\m' '"" {lb 1/b ·mol)~ 12:: (Ct/ J] MWFue1 = 10.70 lb/lb-mol 
J/ff hd 

+ 3.47 lb/lb-mol 1,367.44 Btu/SCF X 385.23 te/lbmol 
24.858 lb/lb-mol 

GCV= 
24.858 lb/lb-mol 

- 21,191.53 Btu/lb 
+etc.= 

ASTM D 3588 (SG) 
SG = [Mil''"' ] SG= 

24.86 lb/lb-mol Btu per Lb of Gas Net (NCV) [LHV~ xG] 
Specific Gravity 28.96 lb/lb-mol NCV (Btullb )= . ·. 

..\1/V .~/~ 
= 0.8583 

.\/Wh,! 

NCV= 
1,245.15 Btu/SCF x 385.23 tellbmol 

19,296.31 Btu/lb 
24.858 lb/lb-mol 

Weight Percent of Component (C%), methane 

c.,(%)=[( c;I }tool 
.\/If ibrl • _ 

Weight Percent of Volatile Organic Compounds (VOCo/j 

C _ 10.70 lb/lb-mol [c,H, ] 
'r X 100 = 43.03% VOC,,{%)= ~M., 
• 24.86 lb/lb-mol C!H, VOC%= 16.00% + 1.48 % + 7.42 % + etc.= 36.51 % 

RM 19, (02-27-14), 12.3.2 Determined F Factors. If the fuel burned is not listed in Table 19-2 or if the owner or operator chooses to determine an F 

factor rather than use the values in Table 19-2, use the procedure below: 12.3.2.1 Equations. Use the eq 

RM 19, (02-27-14), K(K ''H+K ''C~K ''S+K ";:/V-K '/0) F _ .. ;,d /O c to '·-· .~ ,-o " o, 0 ,o 
Eq. 19-13 

12.1 Nomenclature ' - GCV 
K rscfflb)f% 

H 3.64 F, = 10'Btu X [3.64 SCF X 20.01 % 1.53 SCF 
X 73.85 % 

0.57 SCF 
0.00 % + + +---x 

c 1.53 MMBtu lb"% lb"% lb"% 

s 0.57 
N, 0.14 0.14 SCF 

5.17 % 
0.46 SCF %} lb 8,781.91 SCF 

o, ---x - X 0.97 
0.46 lb"% lb"% 21,191.53 Btu MMBtu 

Note. Lack of Slgnfficant figures may cause round1ng errors between actual calculalions and example calculations. 
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EXAMPLE CALCULATIONS (Methane and Ethane subtraction from THC to determine VOC} 

VOC (as propane) 

Using a THC analyzer calibrated with propane and an FTIR, GC, or other type of analyzer that reads methane and ethane on a methane and ethane 
basis, respecively, first convert the methane to a propane equivalent by dividing the number by three, then convert the ethane to a propane equivalent 
by multiplying the number by two and then dividing by three. Once all concentrations are in equivalent units, subtract the methane (as propane) and 
ethane (as propane) from the THC concentration. 

T'OC( )=C ~(C'cH,(mfl;;,,."l) x1.1 -(-Cc:.•,.~ 1 d"'~, 1 X2J' . ppm T/fC(p->iJJ',<) } 3 
. U''O;>o•·c) - (p,ap~•") 

185.11 ppm 
VOC (ppm)= 79.74 ppm ---

3
-- x1.1 

EXAMPLE CALCULATIONS (INFORMATION) 

11.08ppmx2 = 
3 

4.48 ppm 

Specific Humidity (RHsp} Note: RHsp (gr/lb) calculated using temperature, relative humidity, and barometric pressure with 
psychrometric chart, psychrometric calculator, or built in psychrometric algorithm. 

RH,,(Ibllb )= [( 8")x-1b-l 
lb 7000gr 

EXAMPLE CALCULATIONS (CALIBRATION) 

Analyzer Calibration Error 

11.30 gr 
RHsp= lb 

lib X----= 
7000 gr 

0.001614 lb H20 
lbAir 

RM 7E, (02-27-14), 12.2 Analyzer Calibration Error. For non-dilution systems, use Equation ?E-1 to calculate the analyzer calibration error for the 
low-, mid-, and high-level calibration gases. (calc for NOx analyzer mid gas, if applicable) 

Eq. ?E-1 ACE= 

EXAMPLE CALCULATIONS (BIAS, DRIFT, AND CORRECTED RAW AVERAGE) 

System Bias 

54.44 ppm- 55.70 ppm 
109.00 ppm 

x100= -1.16% 

RM 7E, (02-27-14), 12.3 System Bias. For non-dilution systems, use Equation 7E-2 to calculate the system bias separately for the low-level and 
upscale calibration gases. (calc for NOx analyzer upscale gas, Run 1 initial bias, if applicable) 

SB=(C' -C"'')xlOO 
cs ' 

Drift Assessment 

Eq. ?E-2 SB = 
54.44 ppm- 54.44 ppm 

109.00 ppm 
x100= 0.00 % 

RM 7E, {02-27 -14), 12.5 Drift Assessment. Use Equation 7E-4 to separately calculate the low-level and upscale drift over each test run. (calc for 
NOx analyzer upscale drift, Run 1, if applicable) 

Eq. 7E-4 0 = l -2.08% - 0.00% (= 2.08 % 

Bias Adjusted Average 

RM 7E, (02-27-14), 12.6 Effluent Gas Concentration. For each test run, calculate Cavg, the arithmetic average of all valid NOx concentration values 
(e.g., 1-minute averages). Then adjust the value of Cavg for bias, using Equation 7E-5b. (calc for NOx analyzer, Run 1, if applicable) 

Eq. 7E-5b ( ) ( 55]0ppm I 
CGas= l37.79 ppm- -0.12 ppn~y 53_31 ppm- _0_12 ppm J = 39.53 ppm 

Note. Lack or srgn1ficant figures may cause roumlrng errors between actual calculations and example calculatmns. 
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EXAMPLE CALCULATIONS (Brake Horsepower) ' 

Brake Horsepower (bhp) 
BHP = hpa X Load 

BHP = 347 hp 
100 % 

347 hp x----= 
100 

Available Horsepower (hPa) 

hPa = Rated Horsepower x 
actual rpm 
rated rpm 

hpa = 380 hp 
x 1,643 rpm 

1,800 rpm 
= 347 hp 

Using HHVwith O, (SCFH) 

HHV xQ 
BSFC (Btu I hp ·hr) = 1 

bhp 

BSFC = 
1,367 Btu 582 SCFH 2,220 Btu 

SCF 
X 

358 hp -
hp*hr 

EXAMPLE CALCULATIONS (RUNS) 

Stack Exhaust Flow {Q5)- RM19 

J 
Os= 

8,781.91 SCF 875.00 SCF 1,367.44 Btu 
[FFactor x 0 1 x HHV J ( 20.9% X X 

SCF 0= ----X MMBtu hr 
-S 1,000,000 20.9%-- CGos(01) 

l MMBtu t 20.90% 10,507.64 SCFH X 
106 Btu X 20.9%- 0.0 %) 

Moisture Correction 
RM 7E, (02-27-14), 12.10 Moisture Correction. Use Equation 7E-10 if your measurements need to be corrected to a dry basis. (calc for NOx 
analyzer, Run 1, 1f applicable) Note Calcu!ahons may not match as Run 1 results are typ1cally also b1as adjusted 

C, ~Cax(I-B,,) 

0.17} 32.91 ppmvw 
c, 32 91 ppmvw 

Cw= 3953 ppmvdx~-c ~-- Eq 7E-10 Co= = 39 53ppmvd or Inversely, 
D 1- Bws 1 - 017 

Diluent-Corrected Pollutant Concentration, 0 2 Based 

RM 20, (11-26-02), 7.3.1 Correction of Pollutant Concentration Using Oz Concentration. Calculate the Oz corrected pollutant concentration, as 
fol!ows: {calc for NOx gas, Run 1, if applicable) [now contained in applicable Subpart] 

C = C x ( 20.9%- A<{;Factm· J 
'":(! G"-l(T..-ga) 20.9%- CG,;(Ol) 

Eq. 20-4 Cad)= 39.53 ppmx [ 
20.9%- 15.00 %} 
20.9%- 0.00%- 11

•
16 ppm@15%0z 

7.2 C02 Correction Facior .. lf Pollutant concentrations are to be corrected to percent 0 2 and C02 concentration is measured in lieu of 0 2 
concentration measurement, a C02 correction factor is needed. Calculate the C02 correction factor as follows: 7 .2.1 Calculate the fuel specifiC F0, as 
follows: 7.2.2. Calculate the C02 correction factor for correcting measurement data to percent oxygen, as follows: 

Eq. 20-20.209 Ft Eq. 20-3 

Fr, = -F,-. -· Fo = 
0.209 x 8,781.91 SCF/MMBtu 

= 1.64 
Xco~ =- 20.9°0 -.~djF,?Ctor 

Xco2-
20.9%- 15.00% 

3.60 % 1,118.61 SCF/MMBtu 0 1.64 

Note. Lack of srgnrflcanl figures may cause round1ng errors between actual calculations and example calculations. 
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RM 7E, (08-15-06), 12.1 Nomenclature. The tenns used in the equations are defined as follows: 

ACE= Analyzer calibration error, percent of calibration span. 
Bvvs = Moisture content of sample gas as measured by Method 4 or other approved method, percenU100. 
CA...,.= Average unadjusted gas concentration indicated by data recorder for the test run. 

C0 = Pollutant concentration adjusted to dry condmons. 

C00 = Measured concentration of a calibration gas (tow, mid, or high) when introduced in~ calibration m:Jde. 
C,,. =Average effluent gas concentration adjusted for bias. 

C1,1 =Average of initial and final system calibration bias {or 2-point system calibration error) check responses for the upscale calibration gas. 

CMA =Actual concentration of the upscale calibration gas, ppmv. 
C0 =Average of the initial and final system calibration bias (or 2-point system calibration error) check resoonses from the low-level {or zero) calibration gas. 

Cs = Measured concentration of a calibratlon gas (low, mid, or high) when introduced in system calibration m:Jde. 

Css =Concentration of NOx measured in the spiked sample. 
Csp~o = Concentration of NOx in the undiluted spike gas. 

Cca~o = Calculated concentrallon of NOx in the spike gas diluted in the sample. 
Cv = Manufacturer certified concentration of a calibration gas (low, mid, or high). 

Cw = Pollutant concentration measured under moist sample conditions, wet basis. 

CS = Calibration span. 
D = Drift assessment, percent of calibration span. 
EP =The predicted response for the !ow-level and mid-level gases based on a linear response line between the zero and high-level response. 

Eff1102 = N02 to NO converter efficiency, percent. 

H = High calibration gas, designator. 

l = Low calibration gas, designator. 
M = Mid calibration gas, designator. 

NOFinal =The average NO concentration observed with the analyzer in the NO mode during the converter efficiency test in Section 16.2.2. 
NOxCorr =The NOx concentration corrected for the converter efficiency. 

NOxFinal =The final NOx concentration observed during the converter efficiency test in Section 16.2.2. 

NOxPeak =The highest NOx concentration observed during the converter efficiency test in Section 16.2.2. 
OspAo = Flow rate of spike gas introduced in system calibration mode, Umin. 
QToW =Total sample flow rate during the spike test, Umin. 

R =Spike recovery, percent. 
SB =System bias, percent of calibration span. 
SB. = Pre-run system bias, percent of calibration span. 

S~ = Post.run system bias, percent of calibration span. 
SB I DNt =Alternative absolute difference Cliteria to pass bias and/or drift checks. 

SCE = System calibration error, percent of calibration span. 
SCE1 = Pre-run system calibration error, percent of calibration span. 

SCE,.,., = Post-run system calibration error, percent of calibration span. 

Z =Zero calibration gas, designator. 

40CFR60.355(b)(1), (09-20-06), Nomenclature. The tenns used In the equations are defined as follows: 

P, =reference combustor inlet absolute pressure at 101.3 kilopasca!s ambient pressure, mm Hg 

P0 =observed combustor inlet absolute pressure attest, rrrn Hg 

H0 = observed humidity of ambient air, g H20/g air 

e =transcendental constant, 2.718 
T. =ambient temperature, K 

Small Engine and FTIR Nomenclature. The tenns used in the equations are defined as follows: 

bhp = brake horsepower 
hp =horsepower 
a,,~= system flow (lpm) 
Q, =matrix spike flow (lpm) 
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RM 19, (07-29-06), 12.1 Nomenclature. The tenus used in the equations are defined as follows: 

AdjFactor =Percent oxygen or carbon dloxlde adjustment applied to a target pollutant 
B. ... = Moisture fraction of ambient air, percent. 

Btu = Brltish \henna! unit 
%c =Concentration of carbon from an ultlmate analysis of fuel, weight percent. 
%c02.,%co>w =Concentration of carbon dioxide on a dry and wet basis, respectively, percent. 

CIP I COP= Combustor inlet pressure I compressor discharge pressure (mm Hg): note, some manufactures reference as PCD. 
E = Pollutant emission rate, ngiJ (lblmillion Btu). 
E.= Average pollutant rate for the specified performance test period, ngiJ (lblmillion Btu). 
E.,, E.>J =Average pollutant rate of the control device, outlet and inlet, respectively, for the performance test period, ng/J (lblmi!lion Btu). 
Ebl = Pollutant rate from the steam generating unit, ng/J (lb/million Btu). 
E00 = Pollutant emission rate from the steam generating unit, ng/J (lb/million Btu). 
E,1 = Pollutant rate in combined effluent, ng/J (lb/million Btu). 

E,0 = Pollutant emission rate in combined effluent, ng/J (lb/million Btu). 
Ed= Average pollutant rate for each sampling period (e.g.,24-hr Method 6B sample or 24-hr fuel sample} or for each fuel lot (e.g., amount of fuel bunkered), ng/J (lb/million Btu; 
E.,= Average inlet S02 rate for each sampling period d, ng/J (lb/million Btu}. 
E~ = Pollutant rate from gas turbine, ng!J (lb/million Btu). 

E"" = Daily geometric average pollutant rate, ng/J (lbsfmillion Btu) or ppm corrected to 7 percent 0 2• 

Ei'>,E~ = Matched pair hourly arithmetic average pollutant rate, outlet and inlet, respectively, ngfJ (lblmHiion Btu) or ppm corrected to 7 percent 0 2• 

E0 = Hourly average pollutant, ng/J (lbfmilllon Btu). 

E0J = Hourly arithmetic average pollutant rate for hour '1," ng/J (lbfmillion Btu) or ppm corrected to 7 percent 0 2. 

EXP =Natural logarithmic base (2.718) raised to the value enclosed by brackets. 
Fe= Ratio of the volume of carbon dioxide produced to the gross calorific value of the fuel from Method 19 
F d• F,., F, =Volumes of combustion components per unit of heat content, scm!J (scf/million Btu). 

re = cubic feel 
G =ideal gas conversion factor 

(385.23 SCFJib.rnol at 68 deg F & 14.696 psia) 

GCM = gross Btu per SCF (constant. compound based) 
GCV =Gross calorific value of the fuel consistent with the ultimata analysis, kJ/kg (Btuflb). 
GCVP, GCV, =Gross calorific value for the product and raw fuel lots, respectively, dry basis, kJ/kg (Btuflb). 
%H =Concentration of hydrogen from an ultimate analysis of fuel, weight percent. 
H0 = Heal input rate to the steam generating unit from fuels fired in the steam generating unit, Jlhr (million Btufhr). 
H9 = Heat input rate to gas turbine from all fuels fired in the gas turbine, Jfhr (million Btulhr). 
%H2o= Concentration of water from an ultimate analysis of fuel, weight percent. 
H, =Total numbers of hours in !he performance test period (e.g., 720 hours for 30-day perfonnance test period). 
K =volume of combustion component per pound of component (constant) 

K =Conversion factor, 10-s (kJfJ)f(%) [10" BtufmHiion Btu] 
K., = (9.57 scm/kg)/% [(1.53 scfflb)f%]. 

~ = (2.0 scm/kg)/% {(0.321 scfllb)f%}. 

Kr.. = (22.7 scm/kg)/% [(3.64 scfllb)l%]. 
K,.,.,= (34.74 scm/kg)/% [{5.57 scfllb)f%]. 

K, = (0.86 scm/kg)/% [(0.14 scfllb)t%]. 

K, = (2.85 scm/kg)/% !(0.46 scfllb)l%]. 
K. = (3.54 scrrJkg)f% {(0.57 scfllb)f%}. 

K.o~"' = 2x104 Btuf\vt%-MMB!u 
Kw = (1.30 scmlkg)f% [(0.21 scf/lb)l%}. 

lb =pound 

In= Natural log of indicated value. 
LP,L, =Weight of the product and raw fuel lots, respectively, metric ton (ton). 
%11 = Concentration of nilrogen from an ultimate analysis of fuel, weight percent. 
M., = mole percent 

mol= mote 

MW =molecular weight (lbllb-mol) 
MWA,R =molecular weight of air( 28.9625 tbllb-mole)1 

NCM = net Btu per SCF (constant based on compound) 
%0 =Concentration of oxygen from an ultimate analysis of fuel, weight percent. 
%02d, %0 ,.., =Concentration of oxygen on a dry and wet basis, respectively, percent. 
P6 = baromelirc pressure, in Hg 
P, =Potential S02 emissions, percent. 

%s = Sulfur content of as-fired fuetlot, dry basis, weight percent. 
s. = Standard deviation of the hourly average pollutant rates for each perfonnance test period, ng/J (lbfmillion Btu). 
%s1 =Concentration of sulfur from an u\t!mate analysis of fuel, weight percent. 
S(wt%} =weight percent of sulfur, per lab analysis by appropriate ASTM standard 
S, = Standard deviation of the hourly average inlet pollutant rates for each performance test period, ng/J (lbfmillion Btu). 
s. = Standard deviation of the hourly average emission rates for each performance test period, ngfJ {lblmillion Btu). 
%SP, %S, =Sulfur content of the product and raw fuel lots respectively, dry basis, weight percent. 
SCF = standard cubic feet 
SH = specific humidity, pounds of water per pound of air 
fo 95 =Values shown in Table 19-3 for !he indicated number of data points n. 

T.rro =ambient temperature, "F 
WfD Factor= 1.0236 = conv. at 14.696 psia and 

68 deg F (ref. Civil Eng. Ref. Manual, 7th Ed.} 
Xc02=C02 Correction factor, percent. 
X,= Fraction of total heat input from each type of fuel k 

xto-15-mul!i.ok-eng#3-green1-1 H-805640 App.A 



APPENDIX B 

EMISSION OAT A RECORDS 



XTO ENERGY, INC. 

Air Permit Number: 2014-0283-NOI 

Plant Name or Location: Green 1-1H 

Date: February 19, 2015 

Project Number: xto-15-multi.ok-eng#3 

Manufacturer & Equipment: Caterpillar 

Model: G3306 TA 

Serial Number: R6S02051 

Unit Number: 805640 

Test Load: ~ 90% 

Tester(s) I Test Unit(s): MB/JM 

RUN 

UNITS 1-1 1-2 1-3 

Start Time hh:mm:ss 08:35:01 09:46:01 11:12:01 

End Time hh:mm:ss 09:34:31 10:45:31 12:11:31 

Bar. Pressure in. Hg 30.49 30.39 30.37 

Amb. Temp. "F 33 37 39 

Rei. Humidity % 42 50 50 

Spec. Humidity lb water /lb air 0.001614 0.002263 0.002450 

Engine Fuel Flow SCFH 875 871 871 

Stack Moisture % Method 4 or 320 16.75 17.51 17.27 

Brake Horsepower bhp 185 186 186 

Rated Horsepower hp, 203 203 203 

Rated Engine Speed rpm 1,800 1,800 1,800 

Available Horsepower hp, 185 186 186 

Engine Load % 100 100 100 

Engine Speed rpm 1,643 1,650 1,651 

Air Manifold Pressure psi 15.2 15.1 15.3 

Air Manifold Temp "F 82 82 83 

Suction Pressure psi 40.1 40.3 40.0 

Discharge Pressure psi 979 965 969 

Fuel Flow scfm 21.0 20.9 20.9 
-Brake horsepower based on avatlable horsepower mul!tplted by load. 
-Available horsepower based on the engine speed ratio (actual vs rated), see 
Engine Spec Sheet, Appendix B. 
-Load available from engine panel and/or site personnel. 

Comp&RATA&Eng-AHI v6.2: January 27,2015 
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:<: 90% Load, Run~ 1-1 
DatefTime 

(mm/dd/yy hh:mm:ss) 
02/19/15 8:35:01 
02/19/15 8:35:31 
02/19/15 8:36:01 
02/19/15 8:36:31 
02/19/15 8:37:01 
02/19/15 8:37:31 
02/19/15 8:38:01 
02/19/15 8:38:31 
02/19/15 8:39:01 
02/19/15 8:39:31 
02/19/15 8:40:01 
02/19/15 8:40:31 
02/19/15 8:41:01 
02/19/15 8:41 :31 
02/19/15 8:42:01 
02/19/15 8:42:31 
02/19/15 8:43:01 
02/19/15 8:43:31 
02/19/15 8:44:01 
02/19/15 8:44:31 
02/19/15 8:45:01 
02/19/15 8:45:31 
02/19/15 8:46:01 
02/19/15 8:46:31 
02/19/15 8:47:01 
02/19/15 8:47:31 
02/19/15 8:48:01 
02/19/15 8:48:31 
02/19/15 8:49:01 
02/19/15 8:49:31 
02/19/15 8:50:01 
02/19115 8:50:31 
02/19/15 8:51:01 
02/19115 8:51:31 
02/19/15 8:52:01 
02/19/15 8:52:31 
02/19/15 8:53:01 
02/19/15 8:53:31 
02/19/15 8:54:01 
02/19/15 8:54:31 
02/19/15 8:55:01 
02/19/15 8:55:31 
02/19/15 8:56:01 
02/19/15 8:56:31 
02/19/15 8:57:01 
02/19/15 8:57:31 
02/19/15 8:58:01 
02/19/15 8:58:31 
02/19/15 8:59:01 
02/19/15 8:59:31 
02/19/15 9:00:01 
02/19/15 9:00:31 
02/19/15 9:01:01 
02/19/15 9:01:31 
02/19/15 9:02:01 
02/19/15 9:02:31 
02/19/15 9:03:01 
02/19/15 9:03:31 
02/19/15 9:04:01 
02/19/15 9:04:31 
02/19/15 9:05:01 
02/19/15 9:05:31 
02/19/15 9:06:01 
02/19/15 9;06:31 
02/19/15 9:07:01 
02/19/15 9:07:31 
02/19/15 9:08:01 
02/19/15 9:08:31 
02/19/15 9:09:01 
02/19/15 9:09:31 
02/19/15 9:10:01 
02/19/15 9:10:31 
02/19/15 9:11:01 
02/19/15 9:11:31 

xto-15-multi.ok-eng#3-green1-1 H-805640 

Elapsed Time 
(seconds) 

4320 
4350 
4380 
4410 
4440 
4470 
4500 
4530 
4560 
4590 
4620 
4650 
4680 
4710 
4740 
4770 
4800 
4830 
4860 
4890 
4920 
4950 
4980 
5010 
5040 
5070 
5100 
5130 
5160 
5190 
5220 
5250 
5280 
5310 
5340 
5370 
5400 
5430 
5460 
5490 
5520 
5550 
5580 
5610 
5640 
5670 
5700 
5730 
5760 
5790 
5820 
5850 
5880 
5910 
5940 
5970 
6000 
6030 
6060 
6090 
6120 
6150 
6180 
6210 
6240 
6270 
6300 
6330 
6360 
6390 
6420 
6450 
6480 
6510 

XTO ENERGY, INC. 
February 19,2015 

Caterpillar, G3306 TA, Unit #805640, Serial #R6S02061 
Green 1-1H 

o, 
(%) 

0.38 
0.39 
0.37 
0.48 
0.45 
0.42 
0.41 
0.40 
0.39 
0.39 
0.40 
0.41 
0.81 
0.55 
0.40 
0.48 
0.49 
0.60 
0.75 
0.47 
0.51 
0.79 
0.44 
0.66 
0.40 
0.40 
0.39 
0.40 
0.41 
0.41 
0.39 
0.40 
0.38 
0.39 
0.39 
0.39 
0.40 
0.38 
0.39 
0.39 
0.38 
0.39 
0.39 
0.38 
0.49 
0.61 
0.47 
0.39 
0.50 
0.98 
0.84 
0.51 
0.40 
0.39 
0.40 
0.38 
0.38 
0.38 
0.40 
0.40 
0.73 
0.66 
0.54 
0.43 
0.38 
0.41 
0.39 
0.39 
0.40 
0.64 
0.70 
0.73 
0.77 
0.74 

NOx 
(ppmvd) 

29.70 
32.43 
32.98 
33.93 
38.72 
26.43 
30.23 
42.56 
45.23 
33.56 
38.87 
43.97 
37.41 
47.66 
53.16 
38.89 
46.88 
32.80 
29.78 
34.34 
53.65 
19.53 
41.26 
41.59 
31.15 
38.85 
34.29 
28.54 
37.74 
29.89 
36.36 
25.52 
45.26 
12.96 
24.12 
38.09 
16.75 
21.62 
26.89 
32.54 
31.12 
30.22 
33.05 
31.38 
35.86 
35.19 
28.69 
30.04 
25.37 
33.67 
33.89 
38.06 
33.29 
41.73 
40.91 
38.06 
30.61 
43.45 
42.32 
36.93 
30.02 
44.48 
44.62 
45.03 
44.56 
38.75 
25.85 
40.08 
38.04 
32.96 
50.61 
46.89 
48.44 
32.76 

co 
(ppmvd) 
210.61 
252.17 
166.45 
197.68 
233.86 
151.62 
285.17 
286.16 
311.76 
172.12 
221.14 
194.98 
231.14 
327.92 
284.49 
204.84 
216.05 
170.48 
225.64 
256.20 
151.09 
234.55 
357.52 
190.88 
248.22 
274.16 
173.43 
199.98 
207.01 
227.18 
222.92 
260.80 
278.34 
279.33 
182.03 
136.97 
272.30 
159.19 
182.70 
207.98 
160.86 
235.67 
229.10 
233.41 
190.57 
203.76 
182.57 
298.86 
169.05 
238.35 
228.53 
182.41 
192.94 
244.32 
231.29 
225.97 
187.02 
284.62 
229.91 
167.22 
167.20 
209.71 
229.17 
231.71 
236.48 
188.43 
239.63 
297.50 
141.06 
204.03 
274.82 
266.69 
197.77 
184.18 

THC 
(ppmvw) 

75.38 
78.30 
66.93 
79.54 
84.98 
78.68 
76.19 
78.20 
80.62 
79.81 
79.86 
79.81 
82.22 
80.33 
80.72 
79.84 
82.08 
65.41 
83.95 
73.86 
77.93 
72.77 
77.55 
72.17 
74.39 
72.81 
76.57 
73.10 
81.02 
81.14 
81.54 
81.71 
81.03 
82.15 
78.50 
81.38 
80.50 
80.05 
83.29 
77.53 
75.94 
80.47 
78.60 
84.34 
86.40 
83.91 
81.49 
83.75 
79.16 
78.87 
80.56 
75.44 
77.53 
77.67 
83.30 
82.08 
84.04 
83.47 
82.47 
79.40 
69.40 
87.41 
82.75 
75.12 
79.35 
82.88 
81.29 
81.40 
80.01 
73.07 
82.47 
84.97 
84.47 
77.83 

CH, 
(ppmvw) 

177.25 
183.42 
159.64 
180.70 
195.00 
178.94 
181.24 
181.55 
182.19 
188.35 
189.30 
184.62 
186.59 
184.52 
184.77 
187.07 
183.07 
160.32 
191.67 
176.20 
178.51 
171.87 
179.20 
170.25 
176.04 
171.51 
178.98 
172.46 
189.58 
189.63 
185.56 
185.46 
188.47 
187.77 
182.06 
188.22 
178.51 
188.83 
192.89 
181.31 
174.96 
185.64 
180.02 
191.44 
199.16 
191.56 
190.64 
193.61 
186.54 
184.90 
188.31 
178.03 
182.32 
180.17 
190.09 
192.53 
191.69 
187.28 
191.02 
187.59 
165.89 
199.84 
189.99 
179.58 
180.63 
193.47 
190.55 
189.48 
183.21 
172.55 
188.07 
198.82 
191.39 
182.23 

CzH6 
(ppmvw) 

10.09 
10.92 
7.62 
10.53 
12.85 
10.49 
10.26 
11.20 
11.24 
11.35 
10.87 
11.08 
11.45 
10.98 
12.06 
10.65 
12.03 
8.09 
11.70 
9.12 
10.14 
9.25 
10.22 
8.93 
9.53 
9.25 
9.83 
9.46 
11.08 
11.11 
11.25 
11.20 
11.65 
10.73 
10.72 
10.37 
11.06 
11.10 
11.35 
10.58 
10.31 
11.06 
10.26 
11.75 
12.36 
12.01 
11.66 
11.91 
10.81 
11.18 
11.55 
10.49 
10.84 
10.22 
11.56 
11.42 
11.55 
11.73 
11.65 
11.37 
8.38 
12.98 
11.58 
9.76 
10.54 
12.12 
11.90 
11.81 
10.92 
9.45 
11.26 
12.14 
12.37 
10.93 

H,O 
(%) 

17.41 
13.11 
18.93 
19.70 
17.31 
18.19 
15.14 
19.95 
17.47 
14.03 
14.33 
17.67 
17.41 
15.69 
18.47 
12.76 
20.72 
15.36 
15.28 
14.88 
15.93 
16.87 
18.74 
16.71 
14.39 
17.43 
15.76 
18.50 
14.31 
15.05 
17.52 
17.40 
14.65 
13.43 
13.30 
12.93 
23.68 
14.96 
14.90 
18.78 
21.29 
15.48 
18.85 
16.27 
13.20 
17.66 
17.32 
14.36 
17.25 
17.47 
17.13 
20.15 
17.22 
19.35 
16.40 
15.22 
16.66 
19.37 
14.98 
14.53 
20.90 
15.16 
14.91 
14.87 
18.82 
16.19 
15.68 
17.13 
15.97 
20.33 
17.71 
12.82 
17.38 
17.38 

App. B 



XTO ENERGY, INC. 
February 19,2015 

Caterpillar, G3306 TA, Unit#805640, Serial #R6S02051 
Green 1-1H 

2:90% Load, Run -1-1 
Date/Time 

(mm/ddfyy hh:mm:ss) 
02/19/15 9:12:01 
02/19/15 9:12:31 
02/19/15 9:13:01 
02/19/15 9:13:31 
02/19/15 9:14:01 
02f19f15 9:14:31 
02/19{15 9:15:01 
02/19{15 9:15:31 
02{19{15 9:16:01 
02/19/15 9:16:31 
02/19{15 9:17:01 
02/19/15 9:17:31 
02/19/15 9:18:01 
02/19/15 9:18:31 
02/19/15 9:19:01 
02/19/15 9:19:31 
02/19/15 9:20:01 
02/19/15 9:20:31 
02/19/15 9:21:01 
02/19/15 9:21:31 
02/19/15 9:22:01 
02/19/15 9:22:31 
02/19/15 9:23:01 
02/19/15 9:23:31 
02/19/15 9:24:01 
02/19/15 9:24:31 
02/19/15 9:25:01 
02/19/15 9:25:31 
02/19/15 9:26:01 
02/19/15 9:26:31 
02/19/15 9:27:01 
02/19/15 9:27:31 
02/19/15 9:28:01 
02/19/15 9:28:31 
02/19/15 9:29:01 
02/19/15 9:29:31 
02/19/15 9:30:01 
02/19115 9:30:31 
02/19/15 9:31:01 
02/19/15 9:31:31 
02/19/15 9:32:01 
02/19/15 9:32:31 
02/19/15 9:33:01 
02/19/15 9:33:31 
02/19/15 9:34:01 
02/19/15 9:34:31 

RAW AVERAGE 

Upscale Cal Gas 

EMISSIONS DATA 

Elapsed Time 
(seconds) 

6540 
6570 
6600 
6630 
6660 
6690 
6720 
6750 
6780 
6810 
6840 
6870 
6900 
6930 
6960 
6990 
7020 
7050 
7080 
7110 
7140 
7170 
7200 
7230 
7260 
7290 
7320 
7350 
7380 
7410 
7440 
7470 
7500 
7530 
7560 
7590 
7620 
7650 
7680 
7710 
7740 
7770 
7800 
7830 
7860 
7890 

o, 
(%) 

0.66 
0.68 
0.71 
0.48 
0.38 
0.37 
0.39 
0.38 
0.37 
0.38 
0.37 
0.37 
0.36 
0.37 
0.38 
0.38 
0.37 
0.38 
0.44 
0.46 
0.39 
0.44 
0.44 
0.63 
0.56 
0.37 
0.37 
0.57 
0.58 
0.82 
0.83 
0.84 
0.83 
0.86 
0.79 
0.47 
0.38 
0.37 
0.37 
0.37 
0.37 
0.40 
0.37 
0.39 
0.39 
0.38 

0.48 

o, 
Serial Number: INST-22-0008 

Initial Zero 0.09 
Final Zero 0.07 
Avg. Zero 0.08 

Initial UpScale 12.09 
Final UpScale 
Avg. UpScale 

12.13 
12.11 

12.02 

o, 
Corrected Raw Average (ppm/% dry basis) 0.40 
Corrected Raw Average (ppm/% wet basis) 0.32 

xto-15-multi.ok-eng#3-green1-1 H-805640 

NOx 
(ppmvd) 

37.67 
40.43 
40.07 
35.79 
36.84 
49.69 
39.36 
44.00 
50.58 
41.53 
41.45 
42.75 
34.89 
46.97 
41.94 
28.49 
36.73 
47.71 
42.16 
44.01 
41.24 
47.84 
28.34 
43.29 
40.81 
43.62 
44.67 
44.76 
43.45 
40.52 
35.48 
46.01 
54.41 
39.65 
56.07 
32.01 
36.64 
40.34 
33.83 
40.83 
31.77 
36.66 
46.42 
36.62 
42.86 
40.80 

37.79 

NOx 
!NST-NX-0028 

(ppmvd) 
-0.15 
-0.09 
-0.12 

54.44 
52.17 
53.31 

55.70 

NOx 
39.53 
32.93 

I 
I 

co 
(ppmvd) 
223.88 
254.67 
212.45 
181.17 
239.14 
230.11 
250.20 
222.34 
203.91 
262.23 
251.48 
220.22 
212.59 
257.54 
174.20 
210.07 
203.03 
210.94 
242.91 
262.76 
218.68 
204.50 
187.17 
230.33 
203.91 
251.02 
231.80 
229.41 
162.90 
221.91 
204.05 
249.46 
279.45 
246.60 
291.26 
221.39 
234.10 
277.19 
223.66 
225.88 
142.52 
193.14 
235.51 
260.00 
265.77 
245.37 

224.12 

THC 
(ppmvw) 

77.15 
76.48 
85.74 
80.56 
82.06 
79.34 
78.49 
77.55 
80.33 
76.36 
81.35 
82.10 
81.42 
84.78 
80.53 
77.23 
76.67 
81.91 
82.08 
78.06 
83.47 
82.55 
80.28 
83.15 
78.23 
81.26 
79.70 
79.95 
80.25 
81.72 
80.53 
83.10 
77.89 
77.61 
81.57 
79.87 
79.32 
84.93 
82.74 
81.27 
80.80 
75.14 
76.19 
80.35 
82.26 
79.13 

79.74 

CO THC 
lNST·C0-0030 INST-IR-0002 

(ppmvd) 
0.29 
0.41 
0.35 

277.60 
274.50 
276.05 

280.10 

co 
227.34 
189.21 

THC 
95.78 
79.74 

CH, 
(ppmvw) 
177.41 
181.51 
196.43 
184.33 
193.63 
184.33 
179.92 
180.17 
187.35 
173.90 
186.83 
191.92 
190.91 
194.10 
187.76 
182.66 
178.14 
191.92 
193.33 
179.77 
191.34 
193.36 
187.81 
192.34 
184.45 
189.67 
187.16 
183.71 
189.19 
193.38 
187.21 
191.91 
176.12 
183.14 
190.16 
188.78 
183.15 
196.91 
189.27 
184.40 
185.71 
180.66 
181.20 
187.22 
186.38 
186.03 

185.11 

C2H6 
(ppmvw) 

10.22 
10.53 
12.53 
10.99 
11.71 
11.45 
10.71 
9.83 
11.28 
10.06 
11.66 
11.50 
11.66 
12.17 
11.25 
10.58 
10.80 
11.84 
12.14 
11.17 
11.95 
12.35 
11.57 
12.06 
10.93 
11.37 
11.61 
11.46 
11.68 
11.89 
11.75 
12.27 
10.50 
10.81 
11.76 
11.47 
11.38 
12.74 
12.15 
11.50 
12.21 
9.92 
10.61 
11.53 
11.79 
11.14 

11.08 

H,O 
(%) 

19.18 
17.13 
14.37 
19.15 
14.56 
18.16 
18.45 
15.62 
14.55 
20.72 
17.61 
14.23 
15.72 
15.23 
15.66 
17.51 
21.82 
16.10 
14.49 
19.61 
14.96 
14.35 
17.69 
16.53 
17.35 
16.62 
17.12 
19.05 
15.19 
13.80 
17.39 
16.92 
23.42 
17.77 
15.90 
14.51 
18.73 
12.82 
16.64 
18.71 
20.87 
15.40 
15.49 
15.88 
16.48 
15.78 

16.75 

lNST-lR-0002 lNST-lR-0002 lNST-!R-0002 

CH, '<ilio_ voc ., ro as ro as ro 
81.53 8.87 5.38 
67.88 7.39 4.48 

App.B 



~ 90% load, Run- 1-2 
Date/Time 

(mmfddfyy hh:mm:ss) 
02/19/15 9:46:01 
02/19/15 9:46:31 
02/19/15 9:47:01 
02/19/15 9:47:31 
02/19115 9:48:01 
02/19/15 9:48:31 
02/19/15 9:49:01 
02/19/15 9:49:31 
02/19/15 9:50:01 
02/19/15 9:50:31 
02/19/15 9:51:01 
02/19/15 9:51:31 
02/19/15 9:52:01 
02/19/15 9:52:31 
02/19/15 9:53:01 
02/19/15 9:53:31 
02/19/15 9:54:01 
02/19/15 9:54:31 
02/19/15 9:55:01 
02/19/15 9:55:31 
02/19/15 9:56:01 
02/19/15 9:56:31 
02/19/15 9:57:01 
02/19/15 9:57:31 
02/19/15 9:58:01 
02/19/15 9:58:31 
02/19/15 9:59:01 
02/19/15 9:59:31 

02/19/1510:00:01 
02/19/1510:00:31 
02/19/1510:01:01 
02/19/1510:01:31 
02/19/1510:02:01 
02/19/1510:02:31 
02/19/1510:03:01 
02/19/1510:03:31 
02/19/1510:04:01 
02/19/1510:04:31 
02/19/1510:05:01 
02/19/1510:05:31 
02/19/1510:06:01 
02/19/1510:06:31 
02/19/1510:07:01 
02/19/1510:07:31 
02/19/1510:08:G1 
02/19/1510:08:31 
02/19/1510:09:01 
02/19/1510:09:31 
02/19/1510:10:01 
02/19/1510:10:31 
02/19/1510:11:01 
02/19/1510:11:31 
02/19/15 10:12:01 
02/19/15 10:12:31 
02/19/15 10:13:01 
02/19/15 10:13:31 
02/19/15 10:14:01 
02/19/15 10:14:31 
02/19/1510:15:01 
02/19/15 10:15:31 
02/19/15 10:16:01 
02/19/1510:16:31 
02/19/15 10:17:01 
02/19/15 10:17:31 
02/19/15 10:18:01 
02/19/15 10:18:31 
02/19/15 10:19:01 
02/19/1510:19:31 
02/19/15 10:20:01 
02/19/15 10:20:31 
02/19/1510:21:01 
02/19/1510:21:31 
02/19/15 10:22:01 
02/19/1510:22:31 

xto-15-multi.ok-eng#3-green1-1 H-805640 

Elapsed Time 
(seconds) 

8580 
8610 
8640 
8670 
8700 
8730 
8760 
8790 
8820 
8850 
8880 
8910 
8940 
8970 
9000 
9030 
9060 
9090 
9120 
9150 
9180 
9210 
9240 
9270 
9300 
9330 
9360 
9390 
9420 
9450 
9480 
9510 
9540 
9570 
9600 
9630 
9660 
9690 
9720 
9750 
9780 
9810 
9840 
9870 
9900 
9930 
9960 
9990 
10020 
10050 
10080 
10110 
10140 
10170 
10200 
10230 
10260 
10290 
10320 
10350 
10380 
10410 
10440 
10470 
10500 
10530 
10560 
10590 
10620 
10650 
10680 
10710 
10740 
10770 

XTO ENERGY, INC. 
February 19,2015 

Caterpillar, G3306 TA, Unlt#805640, Serial #R6S02051 
Green 1-1H 

o, 
(%) 
0.01 
0,01 

0.01 
0,01 

0.01 
0.01 
0.02 
0.03 
0.04 
0.03 
0.04 
0.07 
0.06 
0.05 
0.05 
0.05 
0.05 
0.04 
0.05 
0.05 
0.04 
0.10 
0.07 
0.07 
0.06 
0.05 
0.05 
0.05 
0.06 
0.04 
0.07 
0.06 
0.06 
0.05 
0.04 
0.04 
0.04 
0.06 
0.07 
0.05 
0.05 
0.05 
0.05 
0.06 
0.06 
0.06 
0.05 
0.05 
0.05 
0.06 
0.06 
0.05 
0.05 
0.06 
0.06 
0.06 
0.06 
0.05 
0.06 
0.05 
0.05 
0.04 
0.05 
0.05 
0.05 
0.04 
0.06 
0.06 
0.05 
0.04 
0.04 
0.06 
0.06 
0.04 

NOx 
(ppmvd) 

39.12 
35.81 
34.54 
45.29 
49.03 
31.83 
45.66 
41.88 
41.83 
34.90 
48.87 
38.71 
34.19 
33.30 
39.14 
47.85 
36.04 
49.15 
52.24 
41.91 
44.80 
42.92 
49.81 
45.59 
49.20 
36.42 
35.15 
38.80 
44.77 
51.73 
47.35 
41.43 
33.95 
60.67 
40.28 
51.70 
50.97 
48.22 
41.49 
45.42 
37.72 
49.60 
42.33 
45.79 
38.49 
46.42 
43.46 
32.67 
43.35 
53.93 
42.26 
45.89 
59.84 
28.00 
29.94 
30.76 
26.08 
30.08 
33.39 
27.30 
36.54 
28.69 
42.02 
45.17 
43.82 
36.95 
41.30 
41.38 
31.39 
45.10 
46.62 
42.82 
45.40 
48.74 

co 
(ppmvd) 
198.08 
178.93 
218.86 
255.76 
249.65 
210.41 
260.53 
217.05 
285.69 
224.39 
230.82 
232.61 
234.37 
216.02 
250.15 
210.72 
214.96 
230.35 
236.63 
210.43 
229.21 
232.57 
251.55 
251.48 
200.14 
218.59 
245.77 
212.36 
262.48 
264.92 
300.40 
208.39 
227.63 
262.23 
265.55 
323.08 
241.24 
274.63 
226.05 
244.24 
216.24 
253.87 
217.29 
264.55 
282.31 
256.62 
232.43 
280.81 
295.33 
284.41 
200.25 
226.34 
237.22 
191.25 
169.33 
195.23 
192.61 
207.14 
156.78 
161.78 
190.41 
289.70 
265.33 
192.35 
221.01 
172.95 
248.90 
272.88 
249.68 
265.26 
232.83 
278.28 
203.54 
206.22 

THC 
(ppmvw) 

79.23 
80.67 
79.53 
82.20 
83.14 
82.56 
80.84 
74.03 
76.76 
80.03 
79.82 
83.22 
82.41 
80.50 
82.24 
83.53 
79.89 
77.48 
77.68 
78.11 
81.05 
77.24 
82.68 
75.82 
78.88 
77.08 
78.12 
76.10 
82.81 
81.22 
81.27 
75.58 
78.74 
76.55 
80.36 
67.65 
66.65 
70.34 
72.49 
74.55 
77.91 
74.47 
73.18 
73.57 
74.54 
74.37 
83.15 
78.51 
76.81 
79.33 
77.21 
74.36 
77.88 
78.42 
77.05 
80.00 
81.06 
79.88 
81.98 
78.19 
80.81 
77.59 
80.64 
79.49 
82.08 
80.13 
79.28 
80.23 
76.82 
80.50 
82.54 
81.11 
80.13 
76.48 

CH, 
(ppmvw) 

185.55 
189.37 
187.36 
193.42 
190.73 
189.13 
187.33 
170.48 
179.70 
186.62 
186.70 
194.03 
190.92 
189.22 
191.04 
194.53 
186.17 
179.25 
181.39 
182.09 
188.74 
182.76 
191.45 
177.07 
182.91 
181.56 
182.49 
179.59 
187.53 
189.34 
185.26 
179.05 
183.65 
180.49 
182.87 
167.01 
162.18 
168.91 
173.32 
177.60 
183.97 
178.19 
175.79 
173.81 
176.19 
175.26 
190.89 
183.80 
181.67 
185.58 
182.31 
176.89 
182.33 
180.98 
180.41 
187.69 
188.99 
187.52 
190.35 
183.38 
186.13 
181.83 
188.83 
186.53 
186.99 
184.54 
183.69 
183.24 
181.94 
187.85 
189.10 
187.86 
186.52 
181.01 

C2H6 
(ppmvw) 

11.45 
11.70 
11.46 
12.29 
12.27 
12.21 
12.33 
10.36 
10.97 
11.65 
11.72 
12.35 
12.09 
11.71 
11.96 
12.66 
11.68 
11.31 
11.46 
10.83 
12.32 
10.96 
12.25 
10.37 
11.95 
10.79 
11.67 
10.26 
12.04 
12.36 
12.46 
10.61 
11.47 
11.00 
12.36 
8.13 
8.48 
8.92 
9.60 
9.81 
10.89 
10.21 
9.88 
9.96 
10.50 
9.89 
12.74 
11.42 
10.92 
11.72 
11.08 
10.25 
11.50 
11.97 
10.67 
11.60 
12.19 
11.84 
12.46 
11.38 
11.55 
10.80 
12.02 
11.58 
12.01 
11.63 
11.87 
11.76 
11.01 
11.67 
12.30 
11.38 
11.39 
10.88 

H,O 
(%) 

16.96 
16.08 
15.52 
14.93 
15.16 
15.48 
17.17 
21.92 
19.76 
17.76 
16.63 
15.73 
15.35 
15.16 
15.00 
14.83 
18.14 
20.31 
18.10 
16.47 
15.99 
15.69 
16.17 
18.87 
20.14 
17.72 
17.09 
16.53 
16.40 
17.03 
18.59 
18.13 
17.81 
17.93 
18.19 
18.15 
18.44 
18.93 
18.23 
17.98 
17.53 
17.29 
17.61 
18.44 
17.79 
17.67 
17.46 
17.68 
17.44 
17.46 
17.27 
17.24 
17.33 
19.27 
19.42 
18.28 
18.15 
17.72 
17.88 
17.46 
17.37 
17.39 
17.20 
17.06 
18.85 
19.34 
18.35 
17.90 
17.05 
16.58 
16.60 
16.67 
16.86 
17.83 

App. B 



~ 90% Load, Run -1-2 
Date/Time 

(mm/dd/yy hh:mm:ss) 
02/19/15 10:23:01 
02/19/15 10:23:31 
02/19/15 10:24:01 
02!19/15 10:24:31 
02/19/15 10:25:01 
02/19/15 10:25:31 
02/19/15 10:26:01 
02/19/1510:26:31 
02/19/1510:27:01 
02/19/1510:27:31 
02/19/15 10:28:01 
02!19/15 10:28:31 
02/19/15 10:29:01 
02/19/1510:29:31 
02/19/15 10:30:01 
02/19/15 10:30:31 
02/19/15 10:31 :01 
02119/15 10:31 :31 
02/19/15 10:32:01 
02/19/15 10:32:31 
02/1911510:33:01 
02/19/15 10:33:31 
02/19/15 10:34:01 
02/19/1510:34:31 
02/19/15 10:35:01 
02/19/15 10:35:31 
02/19115 10:36:01 
02/19/15 10:36:31 
02/19/1510:37:01 
02/19/15 10:37:31 
02/19/15 10:38:01 
02/19/15 10:38:31 
02/19/15 10:39:01 
02/19/15 10:39:31 
02/19/15 10:40:01 
02/19/15 10:40:31 
02/19/15 10:41:01 
02/19/15 10:41:31 
02/19/15 10:42:01 
02/19/15 10:42:31 
02/19/15 10:43:01 
02/19/15 10:43:31 
02/19/15 10:44:01 
02/19/15 10:44:31 
02/19/15 10:45:01 
02/19/15 10:45:31 

RAW AVERAGE 

Upscale Cal Gas 

xto-15-mu!ILok-eng#3-green 1-1 H-805640 

XTO ENERGY, INC. 
February 19,2015 

Caterpillar, G3306 TA, Unit #805640, Serial #R6S02051 
Green 1-1H 

Elapsed Time 
(seconds) 

10800 
10830 
10860 
10890 
10920 
10950 
10980 
11010 
11040 
11070 
11100 
11130 
11160 
11190 
11220 
11250 
11280 
11310 
11340 
11370 
11400 
11430 
11460 
11490 
11520 
11550 
11580 
11610 
11640 
11670 
11700 
11730 
11760 
11790 
11820 
11850 
11880 
11910 
11940 
11970 
12000 
12030 
12060 
12090 
12120 
12150 

o, 
{%) 

0.04 
0.06 
0.06 
0.05 
0.04 
0.04 
0.04 
0.04 
0.04 
0.05 
0.06 
0.04 
0.03 
0.04 
0.05 
0.05 
0.04 
0.04 
0.04 
0.04 
0.04 
0.05 
0.04 
0.04 
0.05 
0.04 
0.04 
0.04 
0.04 
0.05 
0.05 
0.05 
0.04 
0.04 
0.04 
0.05 
0.05 
0.03 
0.03 
0.04 
0.05 
0.04 
0.05 
0.05 
0.05 
0.05 

0.05 

o, 
Serial Number: INST-22-0008 

Initial Zero 0.07 
Final Zero 0.07 
Avg. Zero 0.07 

Initial UpScale 12.13 
Final UpScale 
Avg. UpScale 

12.02 
12.08 

12.02 

NOx 
(ppmvd) 

38.16 
45.31 
49.34 
38.01 
47.61 
37.26 
51.32 
45.68 
41.87 
45.84 
49.34 
36.86 
47.52 
58.42 
41.81 
45.59 
55.10 
48.67 
38.56 
39.06 
44.51 
52.35 
39.81 
60.58 
50.99 
46.50 
44.50 
42.50 
44.17 
39.48 
57.61 
55.53 
47.74 
59.24 
52.18 
47.55 
49.17 
48.25 
47.68 
49.07 
46.71 
47.40 
43.22 
51.18 
50.01 
41.28 

43.71 

NOx 
INST-NX-0028 

(ppmvd) 
-0.09 
0.14 
0.03 

52.17 
55.24 
53.71 

55.70 

NOx 

co 
(ppmvd) 
243.48 
250.82 
236.34 
246.42 
237.64 
220.70 
258.75 
227.70 
207.86 
242.47 
206.59 
304.94 
268.70 
256.03 
159.83 
219.93 
222.59 
212.38 
263.41 
212.14 
215.21 
211.35 
233.43 
212.08 
220.93 
221.52 
223.13 
210.07 
237.11 
274.92 
339.76 
252.39 
283.30 
301.36 
243.04 
229.04 
202.64 
204.09 
254.71 
311.52 
269.81 
219.06 
247.30 
250.29 
270.59 
237.53 

236.62 

THC 
(ppmvw) 

80.46 
74.60 
81.04 
78.52 
84.32 
79.29 
76.11 
77.61 
77.67 
78.67 
77.71 
83.01 
81.31 
80.75 
79.56 
78.50 
80.34 
79.06 
76.76 
80.41 
78.59 
78.22 
78.34 
77.95 
80.42 
80.93 
82.93 
84.04 
79.36 
82.38 
82.94 
78.82 
79.93 
78.89 
78.36 
76.60 
78.30 
81.98 
82.08 
82.14 
80.09 
80.23 
81.39 
83.11 
77.81 
79.35 

79.00 

CO THC 
INST-C0-0030 INST-IR-0002 

(ppmvd) 
0.41 
0.30 
0.36 

274.50 
275.73 
275.12 

280.10 

co I THC 

CH, 
(ppmvw) 
184.34 
175.94 
188.92 
184.61 
194.57 
183.53 
179.02 
181.36 
182.75 
184.92 
182.96 
193.30 
188.13 
184.88 
184.85 
183.65 
184.55 
183.37 
180.05 
185.09 
182.71 
182.24 
182.83 
182.92 
187.07 
188.63 
192.00 
192.30 
185.26 
189.05 
191.34 
184.90 
185.96 
184.81 
182.79 
180.36 
185.08 
186.69 
190.37 
187.71 
186.30 
187.43 
190.89 
187.99 
180.92 
180.50 

184.26 

C2H6 
(ppmvw) 

11.72 
10.58 
12.33 
11.25 
12.27 
10.91 
10.49 
11.13 
11.30 
11.59 
11.10 
12.77 
11.78 
11.41 
11.30 
11.40 
11.71 
11.72 
10.48 
11.55 
11.38 
11.29 
11.43 
11.29 
11.99 
12.10 
12.67 
12.92 
11.59 
12.24 
13.19 
11.66 
12.05 
11.73 
10.85 
10.96 
11.26 
12.09 
12.50 
12.22 
11.88 
11.70 
12.13 
12.41 
11.58 
11.39 

11.45 

H,O 
(%) 

18.19 
17.90 
17.56 
16.88 
16.60 
16.67 
19.25 
18.66 
17.85 
17.39 
17.01 
17.12 
17.36 
17.61 
17.74 
17.39 
17.36 
17.10 
16.77 
18.18 
18.65 
18.05 
17.56 
17.19 
17.13 
17.20 
17.40 
17.39 
17.36 
17.00 
17.25 
17.77 
17.65 
17.25 
17.26 
17.34 
17.40 
17.88 
17.51 
17.47 
17.44 
17.23 
17.17 
18.82 
19.97 
18.91 

17.51 

INST-IR-0002 INST-IR-0002 INST-!R-0002 

las oroo\ fas orool fas moo\ 
9.26 4.61 

App. B 



:<.: 90% Load, Run- 1-3 
Date/Time 

(mm/ddfyy hh:mm:ss) 
02/19/1511:12:01 
02/19/1511:12:31 
02/19/1511:13:01 
02/19/1511:13:31 
02/19/15 11:14:01 
02/19/1511:14:31 
02/19/1511:15:01 
02/19/1511:15:31 
02/19/1511:16:01 
02/19/1511:16;31 
02/19/15 11:17:01 
02/19/1511:17:31 
02/19/1511:18:01 
02/19/1511:18:31 
02/19/15 11 :19:01 
02/19/1511:19:31 
02/19/15 11:20:01 
02/19/15 11:20:31 
02/19/1511:21:01 
02/19/1511:21:31 
02/19/15 11 :22:01 
02/19/15 11:22:31 
02/19/15 11:23:01 
02/19/1511:23:31 
02/19/15 11:24:01 
02/19/15 11:24:31 
02/19/15 11 ;25:01 
02/19/15 11:25:31 
02/19/15 11:26:01 
02/19/15 11:26:31 
02/19/15 11 :27:01 
02/19/15 11:27:31 
02/19/15 11 ;28:01 
02/19/15 11:28:31 
02/19/15 11:29:01 
02/19/15 11 :29:31 
02/19/15 11 :30:01 
02/19115 11:30:31 
02/19/1511:31:01 
02/19/1511:31:31 
02/19/15 11:32:01 
02/19/15 11 :32:31 
02119/15 11:33:01 
02/19/1511:33:31 
02/19/1511:34:01 
02/19/15 11:34:31 
02/19/15 11 :35:01 
02/19/15 11:35:31 
02/19/15 11:36:01 
02/19/15 11:36:31 
02/19/1511:37:01 
02/19/1511:37:31 
02119/1511:38:01 
02/19/1511:38:31 
02/19/15 11:39:01 
02/19/1511:39:31 
02/19/15 11 :40:01 
02!19/1511:40:31 
02/19/1511:41:01 
02/19/1511:41:31 
02/19/1511:42:01 
02/19/15 11:42:31 
02/19/15 11 :43:01 
02/19/1511:43:31 
02119115 11:44:01 
02/19/15 11:44:31 
02/19/15 11 :45:01 
02/19/15 11 :45:31 
02/19/1511:46:01 
02119/1511:46:31 
02/19/1511:47:01 
02/19/1511:47:31 
02/19/15 11 :48:01 
02/19/15 11:48:31 

xto-15-mulli.ok-eng#3-green 1-1 H-805640 

Elapsed Time 
(seconds) 

13740 
13770 
13800 
13830 
13860 
13890 
13920 
13950 
13980 
14010 
14040 
14070 
14100 
14130 
14160 
14190 
14220 
14250 
14280 
14310 
14340 
14370 
14400 
14430 
14460 
14490 
14520 
14550 
14580 
14610 
14640 
14670 
14700 
14730 
14760 
14790 
14820 
14850 
14880 
14910 
14940 
14970 
15000 
15030 
15060 
15090 
15120 
15150 
15180 
15210 
15240 
15270 
15300 
15330 
15360 
15390 
15420 
15450 
15480 
15510 
15540 
15570 
15600 
15630 
15660 
15690 
15720 
15750 
15780 
15810 
15840 
15870 
15900 
15930 

XTO ENERGY, INC. 
February 19,2015 

Caterpillar, G3306 TA, Unit #805640, Serial #R6802051 
Green 1-1H 

o, 
{%) 

0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.07 
0.07 
0.07 
0.08 
0.08 
0.07 
0.08 
0.08 
0.09 
0.13 
0.15 
0.17 
0.15 
0.11 
0.12 
0.11 
0.10 
0.10 
0.10 
0.11 
0.10 
0.09 
0.09 
0.09 
0.08 
0.08 
0.10 
0.10 
0.09 
0.09 
0.09 
0.08 
0.09 
0.08 
0.08 
0.07 
0.09 
0.12 
0.13 
0.14 
0.19 
0.12 
0.11 
0.11 
0.10 
0.09 
0.11 
0.09 
0.09 
0.09 
0.10 
0.09 
0.09 
0.09 
0.09 
0.08 
0.08 
0.07 
0.09 
0.08 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.09 

NOx 
{ppmvd) 

26.74 
22.42 
17.79 
13.76 
10.43 
8.39 
7.18 
8.25 
8.72 
7.34 
5.91 
6.43 
6.68 
6.02 
6.07 
6.40 
6.62 
5.97 
6.44 
7.44 
7.52 
6.64 
6.03 
6.43 
6.76 
6.18 
6.02 
6.04 
6.40 
7.03 
7.03 
6.59 
6.43 
7.39 
7.72 
7.03 
6.98 
7.42 
7.59 
6.95 
7.03 
7.40 
8.04 
7.87 
7.93 
8.31 
9.00 
8.52 
8.63 
11.14 
12.10 
10.59 
9.87 
9.93 
10.29 
11.37 
11.59 
10.18 
9.44 
10.37 
11.72 
13.87 
14.95 
14.95 
17.02 
21.98 
22.20 
15.14 
12.55 
16.11 
17.57 
16.63 
17.21 
19.80 

co 
(ppmvd) 
107.06 
170.78 
181.14 
141.46 
97.14 
76.20 
76.80 
86.95 
83.31 
77.80 
87.83 

106.57 
105.41 
90.59 
85.02 
82.93 
74.50 
70.70 
89.60 

105.81 
94.16 
77.83 
84.12 
99.41 
96.37 
81.88 
77.14 
86.23 
91.80 
83.04 
72.68 
67.06 
82.65 
97.47 

100.72 
86.18 
76.21 
74.39 
80.67 
88.71 
95.27 
93.23 
82.88 
79.00 
75.36 
75.97 
74.81 
73.04 
70.67 
79.84 
90.31 
92.52 
98.85 
97.20 
98.02 

100.17 
121.34 
121.67 
104.58 
92.51 
93.56 

118.47 
146.80 
145.98 
123.71 
121.78 
127.29 
119.08 
118.09 
132.70 
136.39 
141.07 
148.57 
153.47 

THC 
{ppmvw) 

46.15 
44.69 
51.86 
51.77 
55.05 
58.44 
55.90 
60.30 
64.12 
66.43 
61.68 
69.54 
72.91 
70.53 
73.01 
67.44 
66.41 
71.14 
74.70 
76.04 
68.83 
72.98 
72.93 
73.02 
78.93 
78.43 
81.15 
79.54 
80.06 
75.27 
73.71 
79.65 
74.74 
76.39 
81.32 
79.61 
80.84 
78.51 
81.73 
81.46 
82.67 
77.25 
73.89 
76.43 
82.66 
77.90 
84.93 
83.18 
79.93 
81.88 
79.27 
81.47 
83.55 
81.35 
79.25 
78.40 
77.87 
82.70 
79.82 
81.57 
80.17 
75.13 
79.52 
81.98 
65.22 
68.07 
71.20 
73.51 
70.29 
71.28 
76.11 
74.83 
80.22 
81.98 

CH, 
(ppmvw) 
118.47 
114.84 
118.43 
131.32 
140.09 
148.34 
141.68 
152.44 
161.01 
165.15 
154.60 
172.34 
178.54 
171.00 
177.37 
159.89 
161.72 
169.39 
177.14 
181.98 
166.65 
178.71 
176.59 
177.19 
182.58 
187.73 
190.82 
187.52 
185.33 
175.02 
177.64 
182.64 
179.88 
180.11 
189.72 
186.34 
188.74 
185.13 
193.51 
190.31 
195.50 
178.20 
172.24 
179.97 
192.46 
176.58 
194.03 
192.72 
186.82 
191.47 
187.40 
190.34 
191.66 
186.15 
185.61 
179.75 
180.49 
193.19 
184.37 
188.61 
184.48 
176.88 
185.12 
188.88 
157.34 
167.82 
173.10 
176.35 
167.99 
169.65 
178.54 
177.31 
188.20 
186.24 

c~H6 
(ppmvw) 

3.67 
3.79 
4.21 
4.87 
5.47 
5.76 
5.88 
6.37 
7.3·1 
7.34 
6.54 
8.25 
8.88 
8.99 
9.27 
8.34 
8.58 
9.61 
10.24 
10.52 
8.77 
9.09 
9.94 
9.51 
10.58 
11.37 
11.95 
12.00 
11.80 
10.85 
10.03 
11.80 
10.69 
11.00 
11.53 
11.99 
11.70 
11.47 
11.90 
12.53 
12.38 
11.31 
10.76 
11.36 
13.04 
10.82 
12.99 
12.37 
11.69 
12.30 
11.88 
12.49 
11.81 
11.89 
12.04 
11.27 
11.55 
12.72 
11.95 
12.18 
11.93 
10.61 
12.26 
13.02 
8.53 
8.73 
9.57 
9.97 
9.55 
9.48 
11.07 
10.63 
12.11 
11.92 

H,O 
(%) 

15.22 
15.45 
23.26 
28.89 
18.46 
17.43 
17.31 
17.93 
15.91 
14.48 
13.51 
16.83 
13.05 
12.69 
15.11 
13.17 
22.32 
20.81 
20.71 
18.95 
15.28 
20.16 
15.48 
18.15 
15.03 
16.74 
14.15 
15.37 
14.18 
17.68 
20.64 
18.71 
20.69 
17.73 
17.01 
14.91 
18.57 
15.51 
17.09 
13.96 
17.13 
13.93 
21.13 
21.50 
18.21 
15.14 
21.43 
16.18 
15.18 
17.81 
15.03 
14.71 
14.58 
14.74 
18.30 
18.88 
19.48 
19.78 
15.40 
18.65 
15.77 
17.51 
20.34 
17.80 
19.24 
18.36 
19.16 
17.48 
16.80 
19.25 
17.60 
15.79 
18.27 
15.27 

App.B 



XTO ENERGY, INC. 
February 19,2015 

Caterpillar, G3306 TA, Unit#805640, Serial #R6S02051 
Green 1-1H 

;:: 90% Load, Run- 1-3 
Date/Time 

(mm/ddlyy hh:mm:ss) 
02/19/15 11 :49:01 
02/19/15 11:49:31 
02/19115 11 :50:01 
02/19/15 11 :50:31 
02/19/15 11 :51:01 
02/19/1511:51:31 
02/19/15 11:52:01 
02/19/15 11:52:31 
02/19/15 11:53:01 
02/19/15 11:53:31 
02119/1511:54:01 
02/19/15 11:54:31 
02/19115 11 :55:01 
02/19115 11 :55:31 
02/19/15 11 :56:01 
02/19/15 11:56:31 
02/19/1511:57:01 
02/19/15 11:57:31 
02/19/1511:58:01 
02/19/15 11:58:31 
02/19/15 11:59:01 
02/19/1511:59:31 
02/19/15 12:00:01 
02/19/15 12:00:31 
02/19/15 12:01:01 
02/19/15 12:01:31 
02/19/15 12:02:01 
02/19/15 12:02:31 
02/19/1512:03:01 
02/19/1512:03:31 
02/19/15 12:04:01 
02/19/15 12:04:31 
02/19/15 12:05:01 
02/19/15 12:05:31 
02/19/15 12:06:01 
02119/1512:06:31 
02/19/1512:07:01 
02/19/1512:07:31 
02/19/15 12:08:01 
02/19/1512:08:31 
02/19/15 12:09:01 
02/19/15 12:09:31 
02/19/15 12:1 0:01 
02/19/15 12:10:31 
02/19/1512:11:01 
02/19/1512:11:31 

RAW AVERAGE 

Upscale Cal Gas 

EMISSIONS DATA 

Elapsed Time 
(seconds) 

15960 
15990 
16020 
16050 
16080 
16110 
16140 
16170 
16200 
16230 
16260 
16290 
16320 
16350 
16380 
16410 
16440 
16470 
16500 
16530 
16560 
16590 
16620 
16650 
16680 
16710 
16740 
16770 
16800 
16830 
16860 
16890 
16920 
16950 
16980 
17010 
17040 
17070 
17100 
17130 
17160 
17190 
17220 
17250 
17280 
17310 

o, 
(%) 
0.07 
0.06 
0.08 
0.11 
0.12 
0.13 
0.11 
0.09 
0.09 
0.11 
0.11 
0.08 
0.08 
0.08 
0.08 
0.09 
0.12 
0.10 
0.09 
0.09 
0.10 
0.09 
0.08 
0.08 
0.08 
0.10 
0.08 
0.08 
0.07 
0.09 
0.09 
0.09 
0.09 
0.08 
0.09 
0.14 
0.11 
0.11 
0.10 
0.09 
0.09 
0.11 
0.10 
0.09 
0.09 
0.10 

0.09 

o, 
Serial Number: INST-22-0008 

Initial Zero 0.07 
Final Zero 
Avg. Zero 

Initial UpScale 
Final UpScale 
Avg. UpScale 

0.09 
0.08 

12.02 
12.03 
12.03 

12.02 

0 
Corrected Raw Average (ppm/% dry basis) 
Corrected Raw Average (ppm/% wet basis) 

0.01 
0.00 

xto-15-multi.ok-eng#3-green 1-1 H-805640 

NOx 
(ppmvd) 

20.63 
19.69 
18.64 
17.99 
18.85 
20.69 
21.22 
18.79 
18.27 
21.58 
23.18 
21.55 
25.02 
34.61 
35.21 
23.53 
18.99 
23.89 
25.68 
23.23 
22.82 
24.54 
23.88 
20.87 
19.47 
20.52 
21.92 
23.81 
25.55 
25.99 
27.62 
31.72 
34.21 
34.21 
34.16 
34.49 
37.11 
42.07 
39.53 
25.50 
20.19 
28.65 
33.58 
32.53 
32.75 
35.23 

16.31 

co 
(ppmvd) 
162.40 
161.19 
139.75 
116.77 
109.44 
119.64 
135.25 
136.85 
158.96 
191.78 
212.79 
214.92 
208.04 
203.19 
194.32 
162.04 
165.45 
173.11 
166.28 
148.15 
155.48 
167.98 
175.15 
168.74 
142.62 
130.27 
175.03 
210.69 
200.55 
185.44 
201.93 
240.48 
252.00 
235.13 
224.21 
232.13 
236.26 
228.44 
208.93 
161.46 
149.01 
206.17 
295.13 
317.34 
271.81 
209.20 

133.35 

THC 
(ppmvw) 

79.18 
78.51 
79.10 
82.84 
80.88 
77.71 
83.54 
78.77 
77.37 
78.77 
78.46 
77.68 
78.47 
79.65 
80.27 
74.32 
74.01 
78.83 
77.12 
83.46 
82.13 
79.75 
83.10 
82.28 
80.59 
72.44 
77.46 
77.11 
77.58 
81.66 
77.75 
78.21 
76.68 
76.52 
78.89 
78.60 
75.73 
80.82 
80.79 
82.31 
84.09 
75.65 
82.49 
80.97 
81.08 
79.03 

75.88 

NOx 
INST-NX-0028 

CO THC 
INST-C0-0030 INST-IR-0002 

(ppmvd) 
0.14 
0.65 
0.40 

55.24 
52.02 
53.63 

55.70 

(ppmvd) 
0.30 
0.08 
0.19 

275.73 
274.52 
275.13 

280.10 

NOx co I 
16.65 135.67 
13.70 I 112.21 I 

THC 
91.71 
75.88 

CH, 
(ppmvw) 
186.30 
183.08 
187.26 
193.12 
192.21 
184.33 
197.22 
181.60 
171.86 
179.58 
184.59 
181.62 
181.69 
186.71 
185.74 
178.99 
175.57 
185.19 
183.00 
193.74 
190.72 
189.64 
193.31 
192.00 
187.95 
168.76 
183.12 
181.14 
181.10 
190.43 
181.05 
186.89 
177.96 
179.76 
179.71 
184.35 
177.19 
190.08 
186.98 
191.92 
193.61 
179.86 
192.05 
188.27 
190.30 
184.17 

178.99 

CzH6 
(ppmvw) 

11.60 
11.64 
11.59 
12.88 
11.91 
11.01 
12.70 
11.32 
10.63 
11.73 
11.67 
11.71 
11.67 
11.96 
12.63 
10.19 
10.44 
11.70 
11.21 
12.78 
11.88 
11.57 
12.61 
12.72 
12.29 
10.41 
11.60 
11.41 
11.34 
11.90 
11.95 
11.59 
11.84 
11.11 
11.94 
12.17 
11.43 
11.92 
11.72 
12.45 
12.89 
10.86 
12.35 
12.94 
12.57 
12.12 

10.79 

H,O 
(%) 

16.57 
14.91 
17.99 
14.74 
15.70 
13.91 
15.63 
14.31 
19.86 
24.61 
18.83 
17.34 
19.10 
19.41 
17.79 
20.06 
16.60 
16.99 
14.91 
17.04 
14.94 
15.99 
14.87 
16.36 
14.86 
16.58 
22.09 
17.74 
18.72 
18.10 
16.08 
20.11 
15.30 
20.84 
19.77 
19.00 
17.44 
18.62 
15.75 
15.95 
16.20 
14.25 
17.60 
14.49 
16.50 
13.90 

17.27 

INST-IR-0002 INST-IR-0002 INST-IR-0002 

CH, 
(as Drool 

79.33 
65.63 

C H 
as orool 

8.70 
7.19 

voc 
as Drool 

3.69 
3.05 

App. 8 



APPENDIXC 

CALIBRATION GAS CERTIFICATIONS 



I 

:'RED &I BALL*~ 
: TECHNICAL GAS SERVICES ,l ~ 

Assay Laboratory: Red Ball TGS 
555 Craig Kennedy Way 
Shreveport, LA 71107 

800-551-8150 

EPA PROTOCOL GAS CERTIFICATE OF ANALYSIS 
Cylinder Number: 
Product ID Number: 
Cylinder Pressure: 

~ ~:=~~~~~
0

~a~=~e· =22 
I1900PSIG MFGFacility: =

1

· 
COA# 
Customer PO. NO.: 

Lot Number: 
Tracking Number: 

Customer: Previous Certification Dates: 

This calibration standard has been certified per the May 2012 EPA Traceability Protocol, Document EPA-600/R-121531, 
using procedure G1. 

Component 

Carbon Dioxide 
Oxygen 

Nitrogen 

Lot 
CC237204.071001 

GC1304111019 

GC1304111020 

Com onent 

Expiration 
0312412017 

09/0412021 

0910412021 

Type 
NTRM 

GMIS 

GMIS 

Analytical Principle 

MPA 

FTIR 

Red Ball Technical Gas Service 
PGVP Vendor 10 # G12014 
Information and Ordering 

800-551-8150 
Fax (318-425-6309) 

Do Not Use This Cylinder Below 100 psig (0.7 Megapascal). 

Concentration 

9.11% 
12.02% 

Balance 

Certified Concentration(s) 

Uncertainty 

±0.04% 

±0.04% 

Analy1tcal Measurement Data Available Online. 

Reference Standard(s) 
Balance Component Concentration 

"' "' "' 

24.52% 

12.57% 

12.5% 

Analytical Instrumentation 
Make Model 
Horiba VA-3013 

MKS MKS 2031DJG2EKVS13T 

Uncertainty{%) 
0.494 

0 552 

0.552 

Serial 
HOOOOP11 

017146467 

Analvtical Princiole 
FTIR 

MPA 

NIST Reference 
071001 

3221755.02 

3221755.02 

MPC Date 
91812014 8:32:34 AM 

811512014 2:32:0() PM 

laMeka Dennis 
Analytical Chemist 



I~ REDeBA~I.! ~ I !, TECHNICAL GAS SERVICES i ' 
Assay Laboratory: Red Ball TGS 

555 Craig Kennedy Way 
Shreveport, LA 71107 

800-551-8150 

EPA PROTOCOL GAS CERTIFICATE OF ANALYSIS 
Cylinder Number: Certification Date: 
Product 10 Number: Expiration Date: 
Cylinder Pressure: MFG Facility: 
COA# Lot Number: 
Customer PO. NO.: Tracking Number: 
Customer. Previous Certification Oates: 

This calibration standard has been certified per the May 2012 EPA Traceability Protocol, Document EPA-600/R-12/531, 
using rocedure G1. 

Component 

Carbon Dioxide 
Oxygen 

Nitrogen 

Lot 
CC237204.071001 

GC1110110959 

GC1106080816 

Expiration 
03/24/2017 

09/04/2021 

09/04/2021 

MeA 

FTIR 

Type 
NTRM 

GMIS 

GMIS 

Red Ball Technical Gas Service 
PGVP Vendor ID # G12014 
Information and Ordering 

800·551·8150 
Fax (318-425-6309) 

Do Not Use This Cylinder Below 100 psig (0.7 Megapascal). 

Concentration 

18.9% 
21.04% 

Balance 

Certified Concentration(s) 

Uncertainty 

±O:t1% 

±0.04% 

Analy1tcal Measurement Data Available Onlme. 

Balance 

N' 
N' 
N' 

""'"' MKS 

Reference Standard(s) 
Component Concentration 

0' 
em 
co' 

Ll.1 <>lufir<>l I cdr 

24.52% 

21.55% 

15.07% 

VA-3013 

MKS 2031DJG2EKVS13T 

Uncertainly%) 
0.494 

0.594 

0.547 

HOOOOP11 

017146467 

Analvtfcal Principle 

FTlR 

MPA 

NIST Reference 
071001 

3221755.02 

3221755.02 

8/8/2014 10:15:49 AM 

811512014 9:46:30 AM 

Fred Holt 
Analyst 



I 

~ ~ RED B BA••I ~ 1 '"~ LL r; w 
f" 8 B 

; , TECHNICAL GAS SERVJCES ! ~ 

Assay Laboratory: Red Ball TGS 
555 Craig Kennedy Way 
Shreveport, LA 71107 

800-551-8150 

EPA PROTOCOL GAS CERTIFICATE OF ANALYSIS 
Cylinder Number: 
Product ID Number: 
Cylinder Pressure: 
COA# 
Customer PO. NO.: 
Customer: 

~ 
~ 

Certification Date: 
Expiration Date: 
MFG Facility: 
Lot Number: 
Tracking Number: 
Previous Certification Dates: 

12/01/2014 
11129/2022 
RBTGS Shreveport-LA 
EB0004151.20141110 
6038962 

This calibration standard has been certified per the May 2012 EPA Traceability Protocol, Document EPA-600/R 12/531, 
uslna procedure G1. 

Comoonent 

Carbon Monoxide 
Nitric Oxide 

Total Oxides of Nitrogen 

Nitrogen 

; 
1011812022 

0711212022 

GC1102091114 07/26/2019 

LD131028.083331 .3·0 0310212021 

I 
~ 

~~ FTIR 

GMIS 

GMIS 

GMIS 

GMIS 

I 

Red Ball Technical Gas Service 
PGVP Vendor ID # G12014 
Information and Ordering 

800-551-8150 
Fax {318-425-6309) 

Do Not Use This Cylinder Below 100 psfg (0.7 Megapascal). 

Concentration 

54.9 PPM 
54.9 PPM 

55.7 PPM 

Balance 

Certified Concentration(s) 

. 
Uncertalntv 
±0.3 PPM 

±0.2PPM 

Analytical Measurement DataAvatlable Online. 

~ 
"' NO 2S6 PPM 

"' 00 352.11 PPM 

"' 00 40.4 PPt.1 

"' NO 90.53 PPM 

I i 

H~~~a ~A""o 
MKS 20310JG2EKVS13T 

; 
0.424 

0.943 

0.523 

1.052 

;1= 

Analytical Principle 

FTIR 

NDIR 

2630 

021003 

1679c 

121001 

. 

1111012014 5:34:29 PM 

111121201411:51:301\M 

Fred Holt 
Analyst 



Assay laboratory: Red Ball TGS 
555 Craig Kennedy Way 
Shreveport, LA 71107 

800-551-8150 

CERTIFICATE OF ANALYSIS 
EPA PROTOCOL GAS 

Cyllodar Numb11r: 
Product 10 Numbor: 
Cylinder Pressure: 
COANumbor: 
customor PO. NO.: 
customer 

EB0041741 
124122 
1900 PSIG 
GC12l0231156·0 

Certification Date: 
Expiration Dato: 
MFG Facility: 
LotNumbor: 
Tracking Number: 
Previous 

This cahbralion standard has been cer!ified per 1he 1997 EPA Traceabil<ty Pro1ocol. Document EPA-600/971121, using procedure G1 andtor 
G2. All values so noted are certified to be +/-1% NISTTraeeable. 

Do Not Use This Cylinder Below 150 pslg (1.0 Megapasc;;~l). 

Certified Concentratlon(s) 
'· ·~-'---:·· · · An!tllitlc,al·ertnp!pUI 

Nitric Oxl<l~ . 108 PPM 
Total Oxld~~ of Nitrogen 109 PPM 

Noo Dispersive lnfraied Absorptiomet:y 

Non· Dispersive Infrared Absorptlometry 

~~, 

+/·1% NIS.T 

Carbon Monoxide 
Nltrogeh · · ..... 

111PPM 
_a_aJiltl(e 

ill!! 
GMIS 
GMIS 

GMIS 

Component Balance Gas 
Nitric Oxide Nitrogen 
Nitric 0~1do Nitrogen 

C<ifbon Monoxide Nitrogen 

Concentration 
98.6 PPM 
98.6 PPM 

G7PPM 
PPM 

Cylinder Number 
CC238350 

CC238350 

EB0014805 

Analytical Information 
Component 

c 18.391 
z 0.135 
s 16.744 

Nilrlc Oxide 
1112/2012 

Co11c. 109 PPM 

Carbon Monoxldo 
1112/2012 

C 110.2000 Conc.111 PPM 
Z 0.035 Cone 110PPM 
S 96.58 Cone. 111 PPM 

c 
z 
s 

Cone. PPM 
Cone. PPM 
Cone PPM 

I 

I 

I 

I 
I 

Z= Zero Gas S= Span Gas C= Candidate Gas 

I 
Frtld Holt, CHMM 
Quality Control 

Red Ball Technical Gas Service 
PGVP Vendor!D # G12014 
tnrormatlon and Ordering 

800·551-8150 
Fax (318-425·6309) 

I 

+/,1%NIST 

Expiration NIST Reference 
2/14/2013 SRM 1686b 

2/14/2013 SRM 1686b 

7/26/:2013 SRM 1679c 



I 
I 

1 ~RED8BALLU J /;',~ :&!J 
; < TECHNICAL GAS SERVICES ~ • 

Assay Laboratory: Red Ball TGS 
555 Craig Kennedy Way 
Shreveport, LA 71107 

800·551·8150 

EPA PROTOCOL GAS CERTIFICATE OF ANALYSIS 
Cylinder Number: 

~ Certification Date: 
Product tO Number: Expiration Date: 
Cylinder Pressure: I MFG Facility: 
GOA# Lot Number: ~ Customer PO. NO.: Tracking Number: 
Customer: Previous Certification Dates: 

This calibration standard has been certified per the May 2012 EPA Traceability Protocol, Document EPA-600/R-12/531, 

Component 

Carbon Monoxide 
Nitric Oxide 

Total Oxides of Nitrogen 

Nitrogen 

Lot 
46-E-55 

EB0006928.20140707g 

EB0046613 20140501g 

Explratlon 
04/30/2018 

10/18/2022 

0711212022 

Type 

"M 
GMIS 

GMIS 

Component Analytical Principle 
NO 
co 

NDIR 

FTIR 

Red Ball Technical Gas Service 
PGVP Vendor ID # G12014 
Information and Ordering 

800-551-8150 
Fax (318-425·6309) 

using procedure G1. 

Do Not Use This Cylinder Below 100 pslg {0.7 Megapascal). 

Concentration 

280.1 PPM 
276 PPM 

277 PPM 
Balance 

Certified Concentration(s) 

Uncertalntv 
±0.8 PPM 

±1.2PPM 

Ana!yitca! Measurement Data Available Onlme. 

Balance 

"' "' "' 

Make 
Horiba 

MKS 

Reference Standard(s) 
Component 

NO 
NO 
co 

Concentration 
1487 PPM 

296 PPM 

352.8 PPM 

Analytical Instrumentation 
Model 

VIA-510 NO 

MKS 2031DJG2EKVS13T 

Uncertainty(%) 
0.403 

0.424 

0.943 

Serial 

FOT01S05 

017146467 

Analvtical Princiole 
FTIR 

NDIR 

NIST Reference 
2630 

2630 

021003 

MPC Date 
101201201410.50:52AM 

9/2912014 12:36:30 PM 

laMeka Dennis 
Analytical Chemist 

I 



I 

If RED liBAtL~ ~ 
~ ~ TECHNICAL GAS SERVICES ; S 

Assay Laboratory: Red Ball TGS 
555 Craig Kennedy Way 
Shreveport, LA 71107 

800-551-8150 

EPA PROTOCOL GAS CERTIFICATE OF ANALYSIS 
Cylinder Number: 
Product 10 Number: 
Cylinder Pressure: 
COA# 
Customer PO. NO.: 
Customer: 

Certification Date: 
Expiration Date: 
MFG Facility: 
Lot Number: 
Tracking Number: 
Previous Certification Dates: 

03/17/2014 
03/16/2016 
RBTGS-Shreveport-LA 
LD140226.143257.2 
065157158 

This calibration standard has been certified per the May 2012 EPA Traceabilay Protocol, Document EPA-600/R-12/531, 
usina orocedure G1. 

Comoonenl 

Carbon Monoxide 
Nitric Oxide 

Total Oxides of Nitrogen 

Nitrogen 

; 
GC1102100658 0712612020 

GC1106080711 0110512020 

LD131016.152043.1G 1113012021 

~~ ~~~ 
"0 NDIR 

GMIS 

GMlS 

GM!S 

; ; 

Red Ball Technical Gas Service 
PGVP Vendor 10 # G12014 
Information and Ordering 

800·551-8150 
Fax (318-425-6309) 

Do Not Usa This Cylinder Below 100 psig (0.7 Megapascal). 

Certified Concentration(s) 

Concentration 

549 PPM 
545.9 PPM 

545.9 PPM 
Balance 

Uncertainty 
±1.0PPM 

±0.5 PPM 

Analy1tca! Measurement Data Avatlable Onhne. 

~ ; 
"' "0 1459 PPM 

"' 00 594 PPM 

"' "0 539.9 PPM 

I I 
I 

~=~~ao ~A~:~~ NO 

Horiba VIA-510 NO 

; 
0.468 

0.986 

0.435 

I 

o:~~~:~~~ 
FOT01S05 

Analytical Principle 
GCF 

NDIR 

2630 

021003 

2630 

21512014 2:00:44 PM 

3110120144:41:01 PM 

Fred Holt 
Analyst 



RED :a BALL :1 f< 
f' !'-' 

1 ECHNICAL GAS SERVICES ,, :j 

Assay Laboratory: Red Ball TGS 
555 Craig Kennedy Way 
Shreveport, LA 71107 

800-551-8150 

CERTIFICATE OF ANALYSIS I CERTIFIED GAS 
Cylinder Number: 
Product 10 Number: 

Cylinder Pressure: 

GOA# 

Customer PO. NO.: 

Customer 

Comoonent 

Ethane 

Nitrogen 

EB0007955 Certification Date: 

124572 Expiration Dale: 
2015 PSI MFG Facility: 
GC1410210956 Lot Number: 
0 Tracking Number: 

0 Previous Certification Dates: 

Do Not Use This Cylinder Below 150 pslg (1.0 Megapascal). 

concentration 

100 PPM 

Balance 

Certified Concentration(s) 
Analytical Principle 

Gravimetric 

This mixture is for laboratory use only, not for drug, household or other use. 

10/21/14 
10/21/16 

RBTGS-SHREVEPORT 
GC1410210956 

013131984 

Accuracv 

+f-2% NIST 

This mixture is certified in Mole% to be within+ or- 2% of the actual number reported with a confidence of95%. 
This mixture was manufactured by scale; weights traceable to N.l.S.T. Certificate #822/266926-02 

laMeka Dennis 

Analytical Chemist 

Red Ball Technical Gas Service 

Information and Ordering 

PGVP VENDOR ID# G12014 

800·551·8150 

Fax (318·425·6309) 



I~ RED~& BALL! : 
w:!i§ ~, 

;1 5 TECHNICAL GAS SERVICES , w 

Assay Laboratory: Red Ball TGS 
555 Craig Kennedy Way 
Shreveport, LA 71107 

800-551-8150 

EPA PROTOCOL GAS CERTIFICATE OF ANALYSIS 

Cylinder Number: 
Product ID Number: 
Cylinder Pressure: 
COA# 
Customer PO. NO.: 
Customer: 

Certification Date· 
Expiration Date: 
MFG Facility: 
Lot Number: 
Tracking Number: 
Previous Certification Dates: 

This calibration standard has been certified per the May 2012 EPA Traceability Protocol, Document EPA-600/R-12/531, 
using rocedure G1. 

Comoonent 

Nitrogen Dioxide 

Air 

061002 

GCD02121210 

"0' 
"m 
"m 

0310112014 

0511612016 

FTIR 

FTIR 

FTIR 

NTRM 
GMIS 

Red Ball Technical Gas Service 
PGVP Vendor ID # G12014 
Information and Ordering 

800-551-8150 
Fax (318-425-6309) 

Do Not Use This Cylinder Below 100 psig (0.7 Megapascal). 

Certified Concentration(s) 

Concentration Uncertalntv 

44.86 PPM ±0.09PPM 

Balance 
Analy1tcal Measurement Data Available Online. 

A>R 
A>R 

"" "" "" 

96.6 PPM 

93.7 PPM 

~ 
MKS 2031DJG2EKVS13T 

MKS 20310JG2EKVS13T 

1.449 

1.471 

""'"" 017146467 

017146467 

Analvtical Princiole 
FTJR 

061002 

061002 

51712014 2:30:00 PM 

51712014 2:30:00 PM 

81211201411:30:00AM 

Fred Holt 
Analyst 



APPENDIX D 

QUALITY ASSURANCE AND QUALITY CONTROL DATA 



QA/QC PROGRAM 

Air Hygiene ensures the quality and validity of its emission measurement and repmting procedures through a rigorous quality 
assurance (QA) program. The program is developed and administered by an internal QA team and encompasses five major areas: 

1. QA reviews of reports, laboratory work, and field testing 
2. Equipment calibration and maintenance 
3. Chain-of-custody 
4. Training 
5. Knowledge of current test methods 

Each of these areas is discussed individually below. 

QA Reviews 
Air Hygiene's review procedure includes review of each source test report, along with laboratory and fieldwork, by the QA Team. 
The most important review is the one that takes place before a test program begins. The QA Team works closely with technical 
division personnel to prepare and review test protocols. Test protocol review includes selection of appropriate test procedures, 
evaluation of interferences or other restrictions that might preclude use of standard test procedures, and evaluation and/or development 
of alternate procedures. 

Equipment Calibration and Maintenance 
The equipment used to conduct the emission measurements is maintained according to the manufacturer's instructions to ensure 
proper operation. In addition to the maintenance program, calibrations are carried out on each measurement device according to the 
schedule outlined by the Environmental Protection Agency. Quality control checks are also conducted in the field for each test 
program. 

Chain-of-Custody 
Air Hygiene maintains full chain-of-custody documentation on all samples and data sheets. In addition to normal documentation of 
changes between field sample custodians, laboratoty personnel, and field test personnel, Air Hygiene documents evety individual who 
handles any test component in the field (e.g., probe wash, impinger loading and recovery, filter loading and recovety, etc.). Samples 
are stored in a locked area to which only Air Hygiene personnel have access. Field data sheets are secured at Air Hygiene's offices 
upon return from the field. 

Training 
Personnel's training is essential to ensure quality testing. Air Hygiene has formal and informal training programs, which include: 

1. Attendance at EPA-sponsored training courses 
2. Enrollment in EPA correspondence courses 
3 A requirement for all technicians to read and understand Air Hygiene's QA manual 
4. In-house training and QA meetings on a regular basis 
5. Maintenance of training records 

Knowledge of Current Test Methods 
With the constant updating of standard test methods and the wide variety of emerging test procedures, it is essential that any qualified 
source tester keep abreast of new developments. Air Hygiene subscribes to services, which provide updates on EPA reference 
methods, rules, and regulations. Additionally, source test personnel regularly attend and present papers at testing and emissiotH·elated 
seminars and conferences. Air Hygiene personnel maintain membership in the Air and Waste Management Association and the 
American Industrial Hygiene Association. 

Reproduction and Distribution Policy 
Reproducing portions of this test report may omit critical or substantial documentation or be taken out of context and due care must be 
exercised in this regard. Furthermore, this test report and its associated data shall not be reproduced in full or in part without the 
written consent of the customer. 

xto-15-multi.ok-eng#3-green 1-1 H-805640 



COMBUSTION TESTING QUALITY ASSURANCE ACTIVITIES 

A number of quality assurance activities were undetiaken before, during, and after this testing project. This section of the repmt 
combined with the documentation in Appendix C describes each of those activities. 

Each instrument's response was checked and adjusted in the field prior to the collection of data via multi-point calibration. The 
instrument's linearity was checked by adjusting its zero and span responses to zero nitrogen and an upscale calibration gas in the range 
of the expected concentrations. The instrument response was then challenged with other calibration gases of known concentration and 
accepted as being linear if the response of the other calibration gases agreed within plus or minus two percent of the range of predicted 
values. N02 to NO conversion was checked via direct connect with an EPA Protocol certified concentration of N02 in a balance of 
nitrogen. Conversion was verified to be between 90 and 110 percent. 

After each test run, the analyzers were checked for zero and span drift. This allowed each test run to be bracketed by calibrations and 
documents the precision of the data just collected. The criterion for acceptable data is that the instrument drift is no more than three 
percent of the fu!I-scale response. The quality assurance worksheets in the following pages summarize all multipoint calibration 
checks and zero to span checks performed during the tests. These worksheets (as prepared from the data records of Appendix A) 
show that no drifts in excess of three percent occurred in the zero to span checks following each test run. 

The sampling systems were leak checked by demonstrating that a vacuum greater than 10 in Hg could be held for at least one minute 
with a decline of less than one inch of Hg. A leak test was conducted after the sample system was set up and before the system was 
dismantled. This test was conducted to ensure that ambient air had not diluted the sample. Any leakage detected prior to the tests 
would be repaired and another leak check conducted before testing commenced. No leaks were found during the pre or post-test leak 
checks. 

The absence of leaks in the sampling system was also verified by a sampling system bias check. The sampling system's integrity was 
tested by comparing the responses of the analyzers to the calibration gases introduced via two paths. The first path was directly into 
the analyzer and the second path via the sample system at the sample probe. Any difference in the instrument responses by these two 
methods was attributed to sampling system bias or leakage. The criterion for acceptance is agreement within five percent of the span 
of the analyzer. 

The control gases used to calibrate the instruments were analyzed and certified by the compressed gas vendors to plus or minus one 
percent accuracy for all gases. EPA Protocol No. 1 was used, where applicable to assign the concentration values traceable to the 
National Institute of Standards and Technology (NIST), Standard Reference Materials (SRM's). The gas calibration sheets as 
prepared by the vendor are contained in Appendix C. 

Air Hygiene collected and reported the enclosed test data in accordance with the procedures and quality assurance activities described 
in this test report. Air Hygiene makes no warranty as to the suitability of the test methods. Air Hygiene also assumes no liability 
relating to the interpretation and use of the test data. 

Date: 
Company: 
Location: 
Techs: 

February 19,2015 
XTO Energy, Inc. 

INSTRUMENTAL ANALYSIS 
QUALITY ASSURANCE DATA 

Carter County, Oklahoma 
MB/JM 

Sample System Leak Check 

Date Sample System 

February 19, 2015 1 

xto-15-multi.ok-eng#J-green 1-1 H-805640 

Leak Rate 
(1/min) 

0 



DRIFT AND BIAS CHECK 
<:: 90% Load, Run -1-1 0 NOx co 

Raw Average 0.48 37.79 224.12 
Corrected Average 0.40 39.53 227.34 

Initial Zero 0.09 -0.15 0.29 
Final Zero 0.07 -0.09 0.41 
Avg. Zero 0.08 -0.12 0.35 

Initial UpScale 12.09 54.44 277.60 
Final UpScale 12.13 52.17 274.50 
Avg. UpScale 12.11 53.31 276.05 

Sys Resp (Zero) 0.09 -0.15 0.29 
Sys Resp (Upscale) 12.09 54.44 277.60 

Upscale Cal Gas 12.02 55.70 280.10 
Initial Zero Bias 0.00% 0.00% 0.00% 
Final Zero Bias -0.10% 0.06% 0.02% 

Zero Drift 0.10% 0.06% 0.02% 
Initial Upscale Bias 0.00% 0.00% 0.00% 
Final Upscale Bias 0.19% -2.08% -0.56% 

Upscale Drift 0.19% 2.08% 0.56% 

~~~ 
Initial Zero 0.00 0.00 0.00 
Final Zero 0.02 0.06 0.12 <=,go 

0.00 0.00 r~~ Initial Upscale 0.00 
w Final Upscale 0.04 2.27 3.10 

Calibration Span 21.04 109.00 549.00 
3% of Cal. Span (drift) 0.63 3.27 16.47 
5% of Cal. Span (bias 1.05 5.45 27.45 

DRIFT AND BIAS CHECK 
<:: 90% Load, Run -1-2 0 NOx co 

Raw Average 0.05 43.71 236.62 
Corrected Average -0.02 45.33 240.86 

Initial Zero 0.07 -0.09 0.41 
Final Zero 0.07 0.14 0.30 
Avg.Zero 0.07 0.03 0.36 

Initial UpScale 12.13 52.17 274.50 
Final UpScale 12.02 55.24 275.73 
Avg. UpScale 12.08 53.71 275.12 

Sys Resp (Zero) 0.09 -0.15 0.29 
Sys Resp (Upscale) 12.09 54.44 277.60 

Upscale Cal Gas 12.02 55.70 280.10 
Initial Zero Bias -0.10% 0.06% 0.02% 
Final Zero Bias -0.10% 0.27% 0.00% 

Zero Drift 0.00% 0.21% 0.02% 
Initial Upscale Bias 0.19% -2.08% -0.56% 
Final Upscale Bias -0.33% 0.73% -0.34% 

Upscale Drift 0.52% 2.82% 0.22% 

. ' Initial Zero 0.02 0.06 0.12 

~~~ 
Final Zero 0.02 0.29 0.01 

Initial Upscale 0.04 2.27 3.10 
w Final Uoscale 0.07 0.80 1.87 

Calibration Span 21.04 109.00 549.00 
3% of Cal. Span (drift) 0.63 3.27 16.47 
5% of Cal. Span (bias 1.05 5.45 27.45 

DRIFT AND BIAS CHECK 
<:: 90% Load, Run -1-3 0 NOx co 

Raw Average 0.09 16.31 133.35 
Corrected Average 0.01 16.65 135.67 

Initial Zero 0.07 0.14 0.30 
Final Zero 0.09 0.65 0.08 
Avg.Zero 0.08 0.40 0.19 

Initial UpScale 12.02 55.24 275.73 
Final UpScale 12.03 52.02 274.52 
Avg. UpScale 12.03 53.63 275.13 

Sys Rasp (Zero) 0.09 -0.15 0.29 
Sys Resp (Upscale) 12.09 54.44 277.60 

Upscale Cal Gas 12.02 55.70 280.10 
Initial Zero Bias -0.10% 0.27% 0.00% 
Final Zero Bias 0.00% 0.73% -0.04% 

Zero Drift 0.10'% 0.47% 0.04% 
Initial Upscale Bias -0.33% 0.73% -0.34% 
Final Upscale Bias -0.29% -2.22% -0.56% 

Upscale Drift 0.05% 2.95% 0.22% 

~~~ 
Initial Zero 0.02 0.29 0.01 
Final Zero 0.00 0.80 0.21 <=,go 

0.07 0.80 1.87 ~~~ Initial Upscale 
Final Upscale 0.06 2.42 3.08 

Calibration Span 21.04 109.00 549.00 
3% of Cal. Span (drift) 0.63 3.27 16.47 
5% of Cal. Span (bias 1.05 5.45 27.45 

xto-15-multi.ok-eng#3-green 1-1 H-805640 App. D 



Calibration Date: February 19,2015 
Client· XTO ENERGY INC ' 

NOx Span (ppm)= 109.00 

THERMO 42C (NOx Analyzer) 

Certified Instrument Calibration Absolute 
Concentration Response Error Cone. 

(ppm) (ppm) 1%1 (ppm) 

0.00 -0.15 -0.14 0.15 

55.70 54.44 -1.16 1.26 
109.00 108.82 -0.17 0.18 

Unearily = 1.000 

CO Span (ppm)::: 549.00 

THERMO 4BC (CO Analyzer) 

Certified Instrument Calibration Absolute 
Concentration Response Error Cone. 

(ppm) (ppm) (%) (ppm) 

0.00 0.29 0.05 0.29 
280.10 277.60 -0.46 2.50 

549.00 552.03 0.55 3.03 
Linearity::: 0.995 

0 2 Span(%)::: 21.04 

SERVOMEX 1440 (0, Analyzer) 

Certified Instrument Calibration Absolute 
Concentration Response Error Cone. 

(%) (%) (%) (%) 

0.00 0.09 0.43 0.09 
12.02 12.09 0.33 0.07 
21.04 21.06 0.10 0.02 

Linearily::: 1.003 

xto-15-multi. ok-en9#3-green1-1 H-805640 

Pass or 
Fail (±2%, 
:SO.Sppm) 

YES(%) 

YES(%) 

YES{%) 

Pass or 
Fall (±2%, 
:SO.Sppm) 

YES(%) 

YES(%) 

YES(%) 

Pass or 
Fail (±2%, 

::>0.5%) 

YES(%) 

YES(%) 

YES(%) 

THERMO 42C (NOx Analyzer) Linearity Plot 

E 120.00 

J ~.~ 
~ 

" 100.00 

I/ • 
~ 80.00 

/I 0 
~ 

ID 60.00 
~ I_/'¥ 
~ 40.00 r-

~ ~ 20.00 ~· 

~ 0.00. / 
~ 

0.00 20.00 40.00 80.00 80.00 100.00 120.00 

Certified Concentrations (ppm) 

THERMO 4BC (CO Analyzer) Linearity Plot 

E 600.00 ,-----
~ ~ 

500.00 -" I~ • • 400.00 ~·· c 

~ 
0 
~ • 300.00 
~ ~ 
~ 200.00 

~ ~ 100.00 -, 
/ I ~ • 0.00 ~ 

0.00 100.00 200.00 300.00 400.00 500.00 600.00 

Certified Concentrations {ppm) 

SERVOMEX 1440 (02 Analyzer) Linearity Plot 
25.00 ~· 

~ i ~ 20.00 .. .. 

~ c 
0 
~ 15.00 

~ ~ 
~ 10.00 

~ • E 5.00 2 
~ ~ 

~ 000 
0.00 5.00 10.00 15.00 20.00 25.00 

Certified Concentrations (0/~ 
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NOx Converter Efficiency 
Date: February 19, 2015 

Analyzer: INST-NX-0028 

RM 7E, (02-27-14), Sections 7.1.4; 8.2.4.1; 12.7; and 13.5 Introduce N02 to the analyzer and 
record the NOx concentration displayed .... Calculate the converter efficiency using Equation 
7E-7. The specification for converter efficiency must be met. ... Air Hygiene also references 
AL T-0013 for specific N02 concentration (40-60 ppm) and EPA Traceability Protocol 
requirements (±2%). 

Audit Gas: N02 Concentration (Cv), ppmvd 44.86 

Converter Efficiency Calculations: 
Analyzer Reading, NO Channel, ppmvd 0.95 

Analyzer Reading, NOx Channel, ppmvd 43.03 

Analyzer Reading, N02 Channel (Coir(No2)), ppmvd 42.08 

Converter Efficiency, % 93.80 

RM 7E, (02-27-14), 13.5 N02 to NO Conversion Efficiency Test (as applicable). The N02 to 
NO conversion efficiency, calculated according to Equation 7E-7, must be greater than or 
equal to 90 percent. 

Ejf,.o, ~ (c Db·) x 100 c, .. 

Date/Time 

mm/dd/yy hh:mm:ss 

2/19/2015 7:54 

2/19/2015 7:54 

2/19/2015 7:54 

2/19/2015 7:54 

2/19/2015 7:54 

2/19/2015 7:55 

2/19/2015 7:55 

2/19/2015 7:55 

2/19/2015 7:55 

2/19/2015 7:55 

Eq. 7E-7 = 

Elapsed Time 

Seconds 

1870 

1880 

1890 

1900 

1910 

1920 

1930 

1940 

1950 

1960 

xto-15-multi.ok-eng#3-green1-1 H-805640 

42.08 ppmvd 
X 100 = 93.8% 

44.86 ppmvd 

NOx NO 

ppmvd ppmvd 

42.87 0.89 

42.81 0.87 

42.70 0.87 

42.84 0.84 

42.87 0.78 

42.87 0.81 

42.95 1.01 

43.03 0.90 

43.03 0.95 

43.00 1.01 

App. D 



XTO ENERGY, INC. 
February 19,2015 

Caterpillar, G3306 TA, Unit #805640, Serial #R6S02051 
Green 1-1H 

Calibration Gas #1 
Date Time Spectrum C2H6 

(mm/dd/yy) hh:mm:ss File Name ppmvd 
02119/15 8:07:07 2195PRE_000141.LAB 100.6101 
02/19/15 8:07:17 2195PRE_000142.LAB 100.7644 
02/19/15 8:07:26 2195PRE_000143.LA8 100.7613 
02/19/15 8:07:35 2195PRE_000144.LAB 101.6177 

RAW AVERAGE 100.938 

Run #1: Pre-Spike -Native 
Date Time Spectrum co, H,O C2H6 

{mm/dd/yy) hh:mm:ss File Name %vw (%) ppmvw 
02119/15 8:24:01 2195PRE_000249.LAB 11.6424 2.3177 14.4660 
02119/15 8:24:11 2195PRE_000250.LAB 11.6750 2.3337 13.6099 
02/19/15 8:24:20 2195PRE_000251.LAB 11.6782 2.3492 12.7979 
02/19/15 8:24:29 2195PRE_000252.LAB 11.6600 2.3383 13.0386 

RAW AVERAGE 11.664 2.335 13,478 

Run #1: Spike A 
Date Time Spectrum co, H,O C2H6 

(mm/dd/yy) hh:mm:ss File Name %vw (%) ppmvw 
02/19/15 8:25:35 2195PRE_000259.LA8 10.6051 2.5869 19.3233 
02119/15 8:25:44 2195PRE_000260.LAB 10.5989 2.5894 18.1172 
02/19115 8:25:54 2195PRE_000261.LAB 10.7058 2.6872 19.0553 
02/19/15 8:26:03 2195PRE _ 000262. LAB 10.7307 2.9074 20.1210 

RAW AVERAGE 10.660 2.693 19.154 

Run #2: Pre-Spike -Native 
Date Time Spectrum co, H,O C2H6 

(mm/dd/yy) hh:mm:ss File Name %vw (%) ppmvw 
02119/15 8:27:09 2195PRE_000269.LAB 11.6976 2.3214 14.4229 
02/19/15 8:27:18 2195PRE_000270.LAB 11.6738 2.3173 13.8147 
02/19/15 8:27:27 2195PRE_000271.LAB 11.7142 2.3130 13.5403 
02/19/15 8:27:37 2195PRE _ 000272.LAB 11.6638 2.5673 14.4900 

RAW AVERAGE 11.687 2.380 14.067 

Run #2: Spike A 
Date Time Spectrum co, H,O C2H6 

(mm/dd/yy) hh:mm:ss File Name %vw (%) ppmvw 
02/19/15 8:28:33 2195PRE_000278.LAB 10.8263 2.8842 17.8564 
02/19/15 8:28:43 2195PRE_000279.LAB 10.8362 2.8329 18.7485 
02/19/15 8:28:52 2195PRE_000280.LAB 10.8035 3.3323 20.8725 
02/19/15 8:29:01 2195PRE_000281.LAB 10.8053 3.3766 19.1384 

RAW AVERAGE 10.818 3.107 19.154 

Run #3: Pre-Spike -Native 
Date Time Spectrum co, H,O C2H6 

(mm/dd/yy) hh:mm:ss File Name %vw (%) ppmvw 
02119/15 8:29:48 2195PRE_000286.LAB 11.4969 4.0789 14.0662 
02/19/15 8:29:58 2195PRE_000287.LAB 11.6345 3.1891 13.3067 
02/19/15 8:30:07 2195PRE_000288.LAB 11.6471 2.8149 13.7591 
02/19/15 8:30;16 2195PRE_000289.LAB 11.4964 2.6994 13.5499 

RAW AVERAGE 11.569 3.196 13.670 

Run #3: Spike A 
Date Time Spectrum co, H,O C2H6 

(mm/ddfyy) hh:mm:ss File Name %vw (%) ppmvw 
02/19/15 8:31:03 2195PRE_000294.LAB 10.8196 3.4012 16.1673 
02/19/15 8:31:13 2195PRE_000295.LAB 10.8727 3.3937 18.9947 
02/19/15 8:31:22 2195PRE_000296.LAB 10.8293 3.7358 19.1923 
02/19/15 8:31:32 2195PRE_000297.LAB 10.7915 4.0927 20.0408 

RAW AVERAGE 10.828 3.656 18.599 

xto·15-mu!ti.ok-eng#3-green 1-1 H-805640 App. D 



XTO ENERGY, INC. 
February 19, 2015 

Caterpillar, G3306 TA, Unit #805640, Serial #R6S02051 
Green 1-1H 

Parameter Unit Run 1 Run 2 

Concentration of C2H6 Cylinder! ppmvd 100.94 100.94 

Spike A 

Stack C02 Concentration %WI 11.664 11.687 

Stack H~O Concentration % 2.335 2.380 

Stack C2H6 Concentration ppmvw 13.478 14.067 

Stack + Spike C02 Concentration %V'N 10.660 10.818 

Stack + Spike H20 Concentration % 2.693 3.107 

Stack + Spike C2H6 Concentration ppmvw 19.154 19.154 

Dilution Ratio 0.086 0.074 

Ideal CzH6 Spike Yield ppmvd 21.299 20.848 

Percent Recovery CzH6 % 81.41% 85.63% 

xto-15-multi .ok-eng#3-green1 -1 H-805640 

Run 3 

100.94 

11.569 

3.196 

13.670 

10.828 

3.656 

18.599 

0.064 

19.678 

94.21% 
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XTO ENERGY, INC. 
February 19, 2015 

Caterpillar, G3306 TA, Unit #805640, Serial #R6S02051 
Green 1-1H 

CALIBRATION TRANSFER SPECTRA (CTS SCAN) -PRE TEST 
Date 

(mm/dd/yy) 
02/19/15 
02/19/15 
02/19/15 
02119115 
02/19/15 

PRE TEST AVERAGE 

Time 
hh:mm:ss 

8:04:47 
8:04:56 
8:05:05 
8:05:15 
8:05:24 

Spectrum 
File Name 

2195PRE_000126.LAB 
2195PRE_000127.LAB 
2195PRE_000128.LAB 
2195PRE_000129.LAB 
2195PRE_000130.LAB 

co, 
(%) 

8.8416 
8.8154 
8.8068 
8.7845 
8.8027 

8.81 

CALIBRATION TRANSFER SPECTRA (CTS SCAN)- POST TEST 
Date 

(mm/dd/yy) 
02/19/15 
02/19/15 
02/19/15 
02/19/15 
02/19/15 

POST TEST AVERAGE 

Time 
hh:mm:ss 
12:16:40 
12:16:49 
12:16:58 
12:17:08 
12:17:17 

Analyzer Make: MKS 
CO, Cylinder Cone. % = 

Instrument 
Run ID Response 

(%) 
Pre Test 8.81 
Post Test 9.10 

xto-15-multi .ok-eng#3-green1-1 H-805640 

Spectrum 
File Name 

640R3_000236.LAB 
640R3_000237.LAB 
640R3_000238.LAB 
640R3_000239.LAB 
640R3_000240.LAB 

Analyzer Model: 
9.11 

Error(%) 

-3.29 
-0.15 

co, 
(%) 

8.9667 
9.0675 
9.1164 
9.1442 
9.1880 

9.10 

2030 

Pass I Fail 
±5% 

PASS 
PASS 

App. D 



APPENDIX E 

FUEL ANALYSIS RECORDS 



Client: XTO ENERGY, INC. 
Location: Green 1-1H 

Date: February 19, 2015 
Project#: xto-15-multi.ok-eng#3 

Natural Gas Fuel Analysis Stand d" d to 68 deg Fa d 14 696 psia EPA St d d ar 1ze " an ar s 

Mo/ecular1 Lbs 
Ideal Gross1•3 Fuel Heat 

Gas Component Mole(%) Weight 
Component Wt.%of 

Heating Value Value [HHV] per Lb-Mole Component 
(lb/lb-mole) 

of Gas (etutte> (Btu/SCF) 

Methane CH, 73.195 16.0430 11.74 52.88 
Ethane C2Hs 12.747 30.0700 3.83 17.26 
Propane C3Ha 6.082 44.0970 2.68 12.08 
iso-Butane lC4H1o 0.464 58.1230 0.27 1.22 
n-Butane nC4H10 1.914 58.1230 1.11 5.01 
!so-Pentane iC5H12 0.350 72.1500 0.25 1.14 
n-Pentane nCsH12 0.704 72.1500 0.51 2.29 
Hexanes CsH14 0.591 86.1770 0.51 2.29 
Heptanes C1H1s 0.000 100.2040 0.00 0.00 
Octanes CaH1a 0.000 114.2310 0.00 0.00 
Carbon Dioxide co, 1.174 44.0100 0.52 2.33 
Nitrogen N, 2.779 28.0134 0.78 3.51 
Hydrogen Sulfide H2S 0.000 34.0800 0.00 0.00 
Oxygen o, 0.000 31.9988 0.00 0.00 
Helium He 0.000 4.0026 0.00 0.00 
Hydrogen H, 0.000 2.0159 0.00 0.00 

Totals 
100.000 22.20 100.00 

Characteristics of Fuel Gas 

Molecular Weight of gas - 22.205 lb/lb-mole 

Btu per lb. of ~:~as4 - 21,629.785 gross (HHV) 

Btu per lb. of qas4 = 19,640.950 net (LHV) 

Densitv of fuel aas2 = 0.0577 lb/cu. ft 
Wt % VOC in fuel gas = 24.02% 

Specific Gravity1 - 0.7667 

F-Factor (SCF dry exhaust per MMBtu [HHVJ)- 8,741.22 
(Based on EPA RM-19) at 68 deg F and 14.696 psia 

F-Factor Calculation: 

F-Factor = 1 ,000,000*((3.64*%H)+(1.53*%C)+(0.57*%S)+{0.14 *%N)-{0.46*%0))/GCV 
GCV =Gross Btu per lb. of gas (HHV) 

994.85 

1,743.15 

2,478.35 

3,203.11 

3,213.35 

3,940.87 

3,948.75 

4,684.54 

5,419.94 

6,155.14 

0.00 

0.00 

627.54 

0.00 

0.00 

319.34 

dry 

wee·5 

%H, %C, %S, %N, & %0 are percent weight values calculated from fuel analysis and have units of (scf/lb)/% 
Density of natural gas based on specific gravity multiplied by density of air at 68 deg F and 14.696 psia. 

References: 
1 ASTM 03588 
2 Civil Engineering Reference Manual, 7th ed.- Michael R. Lindeburg 
3 Mark's Standard Handbook for Mechanical Engineers, 1oth ed. -Eugene A. AvaHone, Theodore Baumeister Ill 
4 Introduction to Fluid Mechanics, 3rd ed. - WiHiam S. Janna 
5 GPA Reference Bulletin 181-86, revised 1986, reprinted 1995 

xto-15-mulll.ok-eng#3-green1-1 H-805640 

728.18 

222.19 

150.72 

14.88 

61.50 

13.81 

27.79 

27.69 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1,246.75 

1,218.01 

Ideal Net1•
3 Fuel Heat 

Heating Value Value [LHV] 

(Btulfe> (Btu/SCF) 

895.75 655.65 

1,594.41 203.23 

2,280.17 138.67 

2,955.38 13.72 
2,965.62 56.76 

3,643.50 12.77 

3,648.32 25.68 

4,337.82 25.64 

5,023.77 0.00 

5,709.23 0.00 

0.00 0.00 

0.00 0.00 

578.00 0.00 

0.00 0.00 

0.00 0.00 

269.82 0.00 

dry 1,132.12 

wee·5 1,106.01 

Component Wt% 

carbon 73.80 

oxygen 1.69 

hydrogen 21.00 

nitrogen 3.51 

helium 0.00 

sulfur 0.00 

Total 100.00 
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Legacy Measurement Solutions 

MOUNDS,OK 

918-665-5400 

Good 

Customer 

Station ID 

CylinderiD 

Producer 

Lease 

Area 

State 

: 1028-XTO 

: 90581 

:364 

: XTO ENERGY 

:GLENN 1-H16 

: 127 - XTO-ARDMORE 

COMPONENT 

Methane 

Ethane 

Propane 

I so-Butane 

Normal-Butane 

Nee-Pentane 

I so-Pentane 

Normal-Pentane 

Hexanes++ 

Nitrogen 

Carbon-Dioxide 

Oxygen 

Hydrogen Sulfide 

TOTAL 

Compressibility Factor (Z)@ 0@ 60 Deg. F = 0.9961 

Ideal Gravity: 0.7681 Real Gravity: 0. 7707 

BTU @(PSIA) @14.65 

Ideal GPM 6.443 

Ideal BTU Dry 1,263.98 

Ideal BTU Sat 1,241.86 

Real GPM 6.468 

Real BTU Dry 1,268.88 

Real BTU Sat 1,247.19 

Comments: 

MOL% 

73.1951 

12.7466 

6.0816 

0.4644 

1.9138 

0.0000 

0.3504 

0.7038 

0.5910 

2.7786 

1.1740 

0.0003 

0.0004 

100.0000 

@14.696 

6.463 

1,267.95 

1,245.83 

6.488 

1,272.88 

1,251.19 

Gas Analysis performed in accordance with GPA 2261 

Analytical Calculations performed in accordance with GPA 2172 

Date Sampled 

Date Analyzed 

Effective Date 

Cyl Pressure 

Temp 

Cylinder Type 

Sample By 

GPM@O(PSIA) 

0.000 

3.413 

1.678 

0.152 

0.604 

0.000 

0.128 

0.255 

0.257 

0.000 

0.000 

0.000 

0.000 

6.487 

: 01/29/2015 

: 02/10/2015 

: 02/01/2015 

:65 

:59 

:Spot 

: L CRIBBS 

C5+GPM: 0.38300 

C5+ Mole%: 1.6452 

@14.73 @15.025 

6.478 6.608 

1,270.88 1,296.33 

1,248.76 1,274.21 

6.503 6.634 

1,275.83 1,301.48 

1,254.15 1,279.81 

Sample Count: 230002822 

COC: 
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ENGINE TEST- FIELD DATA SHEET 

Company: 

Location: 
x_"/'"] 0t~,:ro,'~ -..~,.,,'-· 

6 ;"~i;f, i-1,1-( 

I Date: I ?. - 1 ; - ! 5 
UnitMakeandModel: ( .... l--?<:1.~:-- C::--'5~,_,~;/A 

Unit Number: I <fr ~~(.--fO 

Serial Number: f:..bS. 
Data Recorded By: n r .. I y,.t 

Tested Wrth AHI Unit(s): Truck(s): 

LDEQ Warmup/Cal Req: I On {Daymme): 

RUN INFORMATION 

Time Start (hh:mm:ss) 

Time Stop (hh:mm:ss) 

Barometric Pressure (ln. Hg) 

Ambient Temperature ('F) 

Engine Operating Hours 

Engine Speed (npg) or (rpm) 

Air Manifold Temperature rFJ 
Air Manifold Pressure (psig or in. Hg) 

Engine-Timing BTDC 

CALIBRATION 
o, I NOx 

Cone. I Actual I Cone. Actual 
Zero Gas 

~ J J Q" J_ ., ·- 0.(.; 

Low Gas ;;_-; '!:-1.'-Ji.i 

,-~,.. ,.,_ I r ~.;:, ) 

I 
I D 'f 

I 
'., .. , _-_,_-

'. -;-1 J' •"•\ I 
Mid Gas 

Hfgh Gas 

o, NOx 
Zero Mid Z.ro Mid 

BIAS 

Initial/Run #1 ,_-,:; h.·:_,:) - ), tS > --i ''--i--1 
Run #1/Run #2 -;~, () '""l f?..l~ -:~,a 1:J- _<:_;'1.11 
Run #2JRun #3 :..J. :>< rz, o1- ·7• ;.:.;· ')),'-'1 
Run #3/Run #4 r) :"')q ! 2 ''C) 3. ~. b'- r;"t .c~ 
Run #4/Final 

Bias Gas Actual Cone. !"2..")(_ s;;. l 

CYUNOER. 
SERIAL 

NUMBERS 

co 
Cone. Actual 

., -:: "%.'; 

: <;;:;- !./l. (,:;' 

s~r s I ySL,:.1"3-

co 
Zero Mid 

:<b.'} ~., ,, ~Q 

'<-i I '-· '""!, S:o 
J.3Q -:>""15."1"">:. 

O.o" 7.~··:.{. :;·z._ 

-;:_~-~. 1 

AIR HYiiiEl\IE·-

I 

co 

,~r; -~- j ·;'"' ''( 

!C..;, .... , :?1"[ .. 

N02 CONVERSION 

N02 Gas {ppm) 

NO Reading {ppm) 

NOx Reading (ppm) 

CY:!!nder Num 

... ,....,_ (;;., 

<:.(], 0., ~--7 5 ~>( 

REPORT INFORMATION 

INSTRUMENT! SERIAL# 

I 

o, s.-~~· ·""" 1..,..; ..... 1--.-J-s.!.- ~ ,. .. ,;.:_.-fl 
NOx ·:.:.-.--~ c{~(. 1:;:....;;.,..,.:-o~(.Y 

co -n: _.,....., ._,;;c,: l;:;...·~r-, ,_,. ""';::.:; 

TIME(hh:mm) RESP(min) 

Gas InJect 
' I 

I / 
1~ Jns.t.@ 95% "./ .\1. //I 
2"" lnst.@95% f"-1. /1" I 
3"'1nst.@95% / I I ' I I 

THC co, 

THC 

l Cone. ...!. Actual Cone. Actual 

"T THC Coz 
.l Zero -l Mid Zero I Mid 

I co, I so, 

Stack Dia =---
Measured By:---

Measured With: 



K.JII Testing Soluti~ns for a Better World 
AIR HY61ENE,INC. 

February 8, 2013 

EPA-Region 6 
Air Permits Section, 6PD-R 
1445 Ross Avenue 
Dallas, Texas 75202 
( 405) 702-4100 

To Whom It May Concern, 

RECIEi\fE 
s~t r\/Q____ 

_,---~ ~T-~<).--~013 
( \'u~ v'r 
Air/Toxic' & Inspection 
Coordination Branch 

6EN-A 

Enclosed please fmd one copy of the 40 CFR 60, Subpart JJJJ emission testing protocol 
for three portable combustion engines prepared for XTO Energy, Inc. at various 
compressor stations in Jolmston and Love Counties in Oklahoma. If you have any 
questions, comments, or concerns please feel free to contact me at (918) 307-8865 office, 
(918) 809-8947 cell, or danny@airhygiene.com. 

2a:=__ 
Danny Parr, QSTI 
Director of Operations 

Encl. ( 1) 

cc 
project file xto-13-multi.ok-comp#3 
William Payne (XTO Energy, Inc.) 
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1.0 INTRODUCTION 

1.1 General Facility Description 

XTO is a natural gas gathering and processing company headquartered in F01t Worth, Texas. The 
company's business unit covers parts of Oklahoma. Various compressor stations are located in the 
system, each used to gather, treat, and transfer natural gas from wellheads to major pipeline arteries. 
The interests of this test protocol are the Holly, McKay, and Velin locations. The equipment to be tested 
is believed to be portable (trailer mounted) and may be at different locations on the day of the scheduled 
test. Currently the equipment at each station is specified in the following table. 

Station Make 
Holly 01-34H27 Caterpillar 
McKay 01-22H15 Caterpillar 
Velin 01-22H15 Caterpillar 

Table 1.1 
Engine Specifications 

Model Unit 
G3306NA 011172 
G3306NA 011171 
G3306NA 11174T 

Serial No HP 
G60X08502 145 
G6X08524 145 
G6X08549 145 

The engines are restricted to combusting natural gas only. The G3306NA engines exhaust to the 
atmosphere through an approximately l 0 inch diameter stacks approximately l 0 feet above grade level. 
Fuel flow meters should be located on each engine. However, if the engine is not equipped with a fuel 
flow meter, manufacturer specifications will be used for calculations. Each engine is equipped with 
ladder access to the catalyst and stack level. 

1.2 Reason for Testing 

The compressors are subject to emission testing requirements set forth in the standards designated by the 
United States Environmental Protection Agency (EPA) Title 40, Code of Federal Regulations, Part 60 
(40CFR60), Subpatt JJJJ and the Oklahoma Depattment of Environmental Quality (ODEQ) operating 
permit. The Subpatt JJJJ emissions limits for the engine type are listed in the following table. 

Station Unit 

All All 

Table 1.2 
Subpart JJJJ Limits 

NOx Limit 
1.0 g/hp*hr or 

82 pm@15%02 

CO Limit VOC Limit 
2.0 g/hp'hr or 0.7 g/hp*hr or 

270 ppm@15%02 60 ppm@15%02 

As such, the engines will be tested for nitrogen oxides (NOx), carbon monoxide (CO), volatile organic 
compounds (VOCs), and oxygen (02) with the units operating within l 0 percent of the maximum 
operating load available from the pipeline during the test day, as determined by XTO personnel. 
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2.0 SUMMARY 

2.1 Owner Information 

Company: 
Contact Person: 
Mailing Address: 

Office: 
Fax: 
Email: 

2.2 Site Information 

Site: 
County: 
Latitude, Longitude: 

Site: 
County: 
Latitude, Longitude: 

Site: 
County: 
Latitude, Longitude: 

XTO 
William J. Payne 
215 CR 750 
Donie, Texas 75838 
(254) 359-3059 
(254) 359-4660 
William _Payne@XTOEnergy .com 

Holly 0 l-34H27 
Johnston 
34.1718833,-96.7618205 

McKay 01-22HI5 
Love 
33.9393599, -97.1828857 

Velin OI-22H15 
Love 
33.9393599, -97.1828857 

2.3 Test Contractor Information 

Company: 
Contact Person: 
Mailing Address: 

Office: 
Cell: 
Fax: 
E-mail: 
Website: 

2.4 Expected Test Start Date 

Air Hygiene International, Inc. 
Danny Parr, Director of Operations 
1600 West Tacoma 
Broken Arrow, Oklahoma 74012 
(918) 994-4173 
(918) 809-894 7 
(918) 307-9131 
danny@airhygiene.com 
www.airhygiene.com 

Testing is anticipated to begin on Monday, March 11, 2013 with additional notification provided by 
XTO, as necessary. 
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2.5 Testing Schedule 

The following schedule indicates specific activities required to be done each day; however, the schedule 
may require flexibility and will be compacted or extended into a third week as necessary. Specific site 
and unit test order will be determined by XTO. 

Pre-test Activities Due Date 
I. Prepare test protocol (Air Hygiene) 
2. Submit notification to Federal and State agencies (XTO) 
3. Receive site safety training, if required 

>30 days prior to testing 
2:30 days prior to testing 
day of arrival for setup 

On-site Testing Activities 
Day I-Test one engine (2:90% peak load under pipeline conditions) 
• Daily setup and calibrations 
• Conduct testing for NOx, CO, VOC, and 0 2 on first engine 

o Collect data for NOx, CO, VOC, and 0 2 (3, 1-hr runs) 
o Collect data for moisture (3, RM4: 35-min runs or FTIR: 60-min runs) 

Day 2 -Test two engines (2:90% peak load under pipeline conditions) 
• Daily setup and calibrations 
• Conduct testing for NOx, CO, VOC, and 0 2 on first engine 

o Collect data for NOx, CO, VOC, and 0 2 (3, 1-hr runs) 
o Collect data for moisture (3, RM4: 35-min runs or FTIR: 60-min runs) 

• Move to next engine 
• Conduct testing for NOx, CO, VOC, and 0 2 

o Collect data forNOx, CO, VOC, and 0 2 (3, 1-hr runs) 
o Collect data for moistnre (3, RM4: 35-min runs or FTIR: 60-min runs) 

Activities after Testing 
• Demobilization of Testing Crew (Air Hygiene) 
• Preparation of draft test report (Air Hygiene) 
• Submit for review to XTO (Air Hygiene) 
• Review and comment on draft (XTO) 
• Prepare final hard copy test repmts (Air Hygiene) 
• Final reports delivered to XTO (Air Hygiene) 

2.6 Test Report Content 

12:00- 13:00 
13:00- 17:00 

07:00- 08:00 
08:00- 12:00 

12:00- 12:30 
12:30- 16:30 

Day 
Days 
Day 
Days 
Days 
Day 

I 
2-9 
10 
11-15 
16- 19 
20 

The Test Repmts for the engines will meet the requirements of the ODEQ and the EPA for emissions 
testing. The reports will include discussion of the following: 

• Introduction 
• Plant and Sampling Location Description 
• Summary and Discussion of Test Results Relative to Acceptance Criteria 
• Sampling and Analytical Procedures 
• QA/QC Activities 
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• Test Results and Related Calculations 
• Stack and Testing Equipment Drawings 
• Raw Field Data and Calibration Data Sheets 
• Sampling Log and Chain-of-Custody Records 
• Audit Data Sheets 

2.7 Equipment and Procedures 

Test methods and parameters to satisfy 40 Code of Federal Regulations (CFR) Patt 60, Part 51, and Part 
63 will include: 

• 40 CFR 60, App A, EPA Method I for sample location 
• 40 CFR 60, App A, EPA Method 3a for molecular weight (02) 

• 40 CFR 60, App A, EPA Method 4 for stack exhaust moisture 
• 40 CFR 60, App A, EPA Method 7e for nitrogen oxides (NOx) 
• 40 CFR 60, App A, EPA Method 10 for carbon monoxide (CO) 
• 40 CFR 60, App A, EPA Method 18 for gas chromatograph analysis of methane and ethane 
• 40 CFR 60, App A, EPA Method 19 for stack exhaust flow 
• 40 CFR 60, App A, EPA Method 25a for total hydrocarbons (THCs) 
• 40 CFR 51, App M, EPA Method 205 for sample dilution and analyzer calibration 

Based on equipment availability and additional test needs, test methods in place of7e, I 0, and/or 18 may 
also include: 

• 40 CFR 63, App A, EPA Method 320 for NOx, CO, methane, or ethane by FTIR Analyzer 

2.8 Proposed Variations 

All RM4 moisture tests will be approximately 35-minutes in duration. If a FTIR is used moisture tests 
will be 60-minutes in duration. All moisture tests will be conducted from a single point near the center 
of the stack. If needed a stainless steel hook may be utilized over the top of the stack and back down 
into the flow. 

Per EPA Emission Measurement Center (EMC) guidelines the stratification test requirements in EPA 
Method 7e do not lend themselves well to the small-diameter stacks of stationary combustion engines. 
The emissions from these sources should be well mixed after a muffler. Stationary internal combustion 
engines should be exempted from these stratification requirements and will be sampled from a single 
point near the center of the stack. 

2.9 Sampling Strategy 

Three, 60-minute runs will be performed measuring NOx, CO, VOCs, and 0 2 within I 0 percent of the 
peak load that can be accommodated under the pipeline conditions present on the day of the test as 
determined by XTO personnel. In addition, three, 35-minute stack exhaust moisture runs will be 
conducted utilizing Method 4 or three, 60-minute stack exhaust moisture runs will be conducted 
utilizing a FTIR. All moisture, NOx, CO, VOCs, and 0 2 testing will be conducted fi·om a single point 
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near the center of the stack utilizing a stainless steel hook over the top of the exhaust and back down into 
the flow if needed to accommodate sample port availability. 

During the tests, the following operating data will be recorded at a minimum: engine speed (rpm), output 
power (hp), fuel flow (scfh), air manifold pressure (psi), air manifold temperature ("F), suction pressure 
(psi), discharge pressure (psi), engine timing ("BTDC), ambient temperature CF), ambient pressure (in. 
Hg), and ambient relative humidity (% ), and engine hour reading as available. XTO personnel will 
provide an appropriate fuel gas analysis for each facility. 

Depending on available equipment and also additional testing needs VOC emission concentrations will 
be quantified in accordance with one of two options, or their equivalents: 

Option I: 
VOC emission concentrations will be quantified in accordance with principles set forth in EPA Method 
18. A VIG 210 will be used for this purpose. The VIG 210 includes both a conventional total 
hydrocarbon (THC) analyzer and an automated gas chromatograph (GC) for determining VOCs. Two 
FIDs (flame ionization detectors) are used for the measurements: one for the THC channel and the other 
for the automated GC which can measure methane, ethane, and residual (VOCs). The THC sample is 
injected directly to the FID. This detector responds to all hydrocarbons in the sample. 

For VOC sampling, a heated gas sampling valve is used for direct injection of the gas on the GC column 
per Method 18, Section 8.2.2. The GC column separates hydrocarbon components based on their 
molecular configurations, weights, and boiling points. In this application, the analyzer uses the gas 
chromatograph column to separate methane and ethane from the heavier residual hydrocarbons (i.e. 
VOCs). Methane elutes from the sample first, it is immediately detected by the FID; ethane elutes from 
the column second and is detected. The flow in the column is reversed (back-flushed) and the residual 
components are recombined and detected by the FID as residual VOCs. The sample time of the VOC is 
approximately four minutes, so each 60 minute test run corresponds to approximately 14 sample 
injections. 

EPA Method 7e bias and drift check criterion will be used to validate data instead of EPA Method 18 
recovery studies as it is has more stringent and comprehensive quality assurance procedures. National 
Institute of Science and Technology (NIST) traceable propane calibration gas will be used to calibrate 
the VOC and the calibration procedure following EPA Method 25a. A gas dilutor will be used for VOC 
calibration, bias, and drift checks per Method 205. In this application, the target analyte is VOC (non 
methane, non ethane hydrocarbon); therefore, the methane and ethane concentrations will not be 
formally calibrated. 

Option 2: 
An MKS Instruments - MultiGas™ Fourier transform infrared (FTIR) spectrometer, or equivalent, is 
one option for methane and ethane analysis per EPA Method 320. This analyzer may also be used for 
NOx and CO analysis per the same methodology. The FTIR spectrometer spectral resolution is 0.5 em· 
1
• The system employs a silicon carbide infrared source at 1200 "C, a helium neon reference laser, beam 

splitters, and potassium bromide (KBr) cell window, front-surface optical transfer mirrors, and multi-
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pass absorption cells. MCT detectors will be used and cooled with liquid nitrogen in order to maintain a 
constant temperature of 77 Kelvin. The -5.11-meter multi-pass path cells incorporates aspheric, 
aberration-correcting mirrors to increase the optical throughput and the detection sensitivity. 
Transducers and thermocouples are connected directly to the insulated sample cells that provide the 
pressure and temperatures of the sample streams. During testing, the temperature of the absorption cells 
will be set at 191 °C. Elevated temperature prevents gas condensation within the cell and minimizes 
analyte adhesion to the cell walls and mirrors. The volume of the absorption cell is 0.5 liters, so at a 
sample gas flow rate of 4.0 liters per minute, the sample gas in the cell is refreshed approximately four 
times each minute. Interferograms consisting of 56 co-added scans will be recorded continuously during 
the test periods, and will provide approximately 60-second average concentrations. 

Results from the FTIR analysis of methane and ethane will then be subtracted from the total 
hydrocarbon (THC) concentrations determined in a standard flame ionization detector (FID) type 
analyzer, calibrated and monitored per EPA Method 25a. The resulting difference will be the 
concentration ofVOCs repotted on a propane equivalent basis as required in the Federal Register. 
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QA/QC PROGRAM 

AIR HYGIENE ensures the quality and validity of its emission measurement and reporting procedures through a rigorous quality 
assurance (QA) program. The program is developed and administered by an internal QA team and encompasses five major areas: 

1. QA reviews of reports, laboratory work, and field testing; 
2. Equipment calibration and maintenance; 
3. Chain-of-custody; 
4. Training; and 
5. Knowledge of current test methods. 

QA Reviews 

AIR HYGIENE's review procedure includes a review of each source test report, along with laboratoty and fieldwork by the QA 
Team. 

The most important review is the one that takes place before a test program begins. The QA Team works closely with technical 
division personnel to prepare and review test protocols. Test protocol review includes selection of appropriate test procedures, 
evaluation of interferences or other restrictions that might preclude use of standard test procedures, and evaluation and/or development 
of alternate procedures. 

Equipment Calibration and Maintenance 

The equipment used to conduct the emission measurements is maintained according to the manufacturer's instructions to ensure 
proper operation. In addition to the maintenance program, calibrations are carried out on each measurement device according to the 
schedule outlined by the Environmental Protection Agency. Quality control checks are also conducted in the field for each test 
program. 

Chain-of-Custody 

AIR HYGIENE maintains full chain-of-custody documentation on all samples and data sheets. In addition to normal documentation 
of changes between field sample custodians, laboratory personnel, and field test personnel, AIR HYGIENE documents every 
individual who handles any test component in the field (e.g., probe wash, impinger loading and recovery, filter loading and recovety, 
etc.). Samples are stored in a locked area to which only AIR HYGIENE personnel have access. Field data sheets are secured at AIR 
HYGIENE's offices upon return from the field. 

Training 

Persmmel training is essential to ensure quality testing. AIR HYGIENE has formal and informal training programs, which include: 

1. Attendance at EPA-sponsored training courses; 
2. Enrollment in EPA correspondence courses; 
3. A requirement for all teclmicians to read and understand Air Hygiene Incorporated's QA manual; 
4. In-house training and QA meetings on a regular basis; and 
5. Maintenance of training records. 

Knowledge of Current Test Methods 

With the constant updating of standard test methods and the wide variety of emerging test procedures, it is essential that any qualified 
source tester keep abreast of new developments. AIR HYGIENE subscribes to services, which provide updates on EPA reference 
methods, rules, and regulations. Additionally, source test personnel regularly attend and present papers at testing and emission-related 
seminars and conferences. 



COMBUSTION TESTING QUALITY ASSURANCE ACTIVITIES 

A number of quality assurance activities are undertaken before, during, and after each testing project. The following 
paragraphs detail the quality control techniques, which are rigorously followed during testing projects. 

Each instrument's response is checked and adjusted in the field prior to the collection of data via multi-point calibration. 
The instrument's linearity is checked by first adjusting its zero and span responses to zero nitrogen and an upscale 
calibration gas in the range of the expected concentrations. The instrument response is then challenged with other 
calibration gases of known concentration and accepted as being linear if the response of the other calibration gases agreed 
within± 2 percent ofrange of the predicted values. 

After each test run, the analyzers are checked for zero and span drift. This allowed each test run to be bracketed by 
calibrations and documents the precision of the data just collected. The criteria for acceptable data are that the instrument 
drift is no more than 3 percent of the full-scale response. Quality assurance worksheets are prepared to document the 
multipoint calibration checks and zero to span checks performed during the tests. 

The sampling systems are leak checked by demonstrating that a vacuum greater than I 0 in Hg could be held for at least I 
minute with a decline of less than l in. 1-lg. A leak test is conducted after the sample system is set up and before the 
system is dismantled. This test was conducted to ensure that ambient air had not diluted the sample. Any leakage 
detected prior to the tests would be repaired and another leak check conducted before testing commenced. 

The absence of leaks in the sampling system is also verified by a sampling system bias check. The sampling system's 
integrity is tested by comparing the responses of the analyzers to the calibration gases introduced via two paths. The first 
path was directly into the analyzer and the second path via the sample system at the sample probe. Any difference in the 
instrument responses by these two methods is attributed to sampling system bias or leakage. The criteria for acceptance 
are agreement within 5% of the span of the analyzer. 

The control gases used to calibrate the instruments are analyzed and cetiified by the compressed gas vendors to ± I% 
accuracy for all gases. EPA Protocol No. I was used where applicable to assign the concentration values traceable to the 
National Institute of Standards and Technology (NIST), Standard Reference Materials. 

AIR HYGIENE maintains a large variety of calibration gases to allow the flexibility to accurately test emissions over a 
wide range of concentrations. 
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INSTRUMENT CONFIGURATION AND OPERATIONS FOR GAS ANALYSIS 

The sampling and analysis procedures to be used conform in principle with the methods outlined in the Code of 
Federal Regulations, Title 40, Part 60, Appendix A, Methods I, 3a, 4, 7e, 10, and 18; 40 CFR 51, Appendix M, 
Method 205; and/or 40 CFR 63, Appendix A, Method 320. 

The sample system to be used for the NOx, CO, VOC, and 0 2 tests is configured per the following description. A 
stainless steel probe will be inse1ted near the center of the stack. The gas sample will be continuously pulled through 
the probe and transported via 3/8 inch heat-traced Teflon® tubing to a stainless steel, minimum-contact condenser 
designed to dry the sample and then through Teflon® tubing via a stainless steel/Teflon® diaphragm pump and into the 
sample manifold within the mobile laboratory. From the manifold, the sample is partitioned to the NOx, CO, and 0 2 

analyzer through rotameters that control the flow rate of the sample. VOC samples are routed to the analyzer prior to 
gas conditioning. 

The schematic (Figure 1) shows that the sample system is also equipped with a separate path through which a 
calibration gas could be delivered to the probe and back through the entire sampling system. This allows for convenient 
performance of system bias checks as required by the testing methods. 

All instruments are housed in an air-conditioned, trailer-mounted mobile laboratory. Gaseous calibration standards are 
provided in aluminum cylinders with the concentrations ce1tified by the vendor according to EPA Protocol No. 1. 

This general schematic also illustrates the analyzers to be used for the tests (i.e., 0 2, CO). All data from the Reference 
Method continuous monitoring instruments are recorded on a Logic Beach Hyperlogger. The Hyperlogger retrieves 
calibrated emissions data from each instrument every second. An average value is recorded every 30 seconds. 

The stack gas analysis for 0 2 concentrations will be performed in accordance with procedures set forth in EPA Method 
3a. The 0 2 analyzer uses a paramagnetic cell detector. 

EPA Method 7e will be used to determine concentrations of NOx. A chemiluminescence analyzer will be used to 
provide the analysis. A N02 in nitrogen certified gas cylinder will be used to verifY at least a 90 percent N02 

conversion on the day of the test. Method 320, utilizing an FTIR may also be used for the analysis. 

CO emission concentrations will be quantified in accordance with procedures set fmth in USEPA Method 10 or 320. 
A continuous nondispersive infrared (NDJR) analyzer will be used for this purpose. Method 320, utilizing an FTIR 
may also be used for the analysis. 

VOC emission concentrations will be quantified in accordance with principles set fmth in USEPA Method 18. A VIG 
210 will be used for this purpose. The VIG 210 includes both a conventional total hydrocarbon (THC) analyzer and an 
automated gas chromatograph (GC) for determining VOCs. Two F!Ds (flame ionization detectors) are used for the 
measurements: one for the THC channel and the other for the automated GC which can measure methane, ethane, and 
residual (VOCs). The THC sample is injected directly to the FID. This detector responds to all hydrocarbons in the 
sample. Method 320, utilizing an FTIR may also be used for the analysis of methane and ethane. 



E:\SHARED\DRAWINGS\EMISSIONS TESTING LAB.PPT 04/18/08 DRAWING:08-001 TKG COPYRIGHT © 2011 AIR HYGIENE INTERNATIONAL. INC. 

llJ 

-~ ~~~~:; 
- - - ;=:-~~.~ • ' ~~ 

I 
m 
)> 

Jlll1 I I I I. Heated Teflon Tubing (pre-conditioned sample) co 
0 -- =.=:::- ~TI - -

-::3:--..~ -~-- ·-~ ... .. ~~ ... ~-
l ('J.f_L . · 1_ .. ~;~;;;~r 

11-i -m 
~0 

c 
.. I • z Unheated Teflon Tubing (conditioned sample) 0:::0::: 

D....UJ 
x.-.~'1,..(~ ,ij-,..;t ..L ==-=~·:r::::.., .. ~- . ·-· .. •/ ...... -
- ·:~~T?- < • :..'5".. I' - -= F-S~..--""0 ....--. - ~~.... 0 -~ 

:::0 =-= ~::::: -·- '\::::= -g I _....... -~~ .. - .,., 
m 

m-u 
:::0:::0 

0 
OJ 
m 

w 
(!) 
w 
...J 

... • Diluted Calibration Gas ... • Calibration Gas •·· .............. Electronic Input/Output 

TEST TRAILER EXTERIOR 

ol-
UJ;;:;! 
f-U. 
<( 
llJ 
I 

-~ I· -- ~ ' UJ ·-;:;;::::w- .,..~- :-1 • 1- co 
-::'l' ~· == 0 
·= -·- ....,... I 0::: 

D... 

f
C/) 

o-u 
;::o:::O 
No 
z() 
om 

(/)(/) 

(/) 0. 
Dl c: 
3 Dl -c= ro s· 
c: (!) 

3 ::r 
C"(i) 

•••••• • ................. 'fE'st"t'RAH .• ER. iNTERioR .......................................... t i". i" ., ........ ·••••• 
•• •• "" • •mom ••• •• I I I I I I I I I II •• •• 

•• e:::: r- ~ ·. 
:J 
<( 
I 
>< w 

~en 
OZ 
/\I 

~*" !!!..0. 

.• DATA w 
! RECORDER ~ 

: 0... 
:2 
0 
() m 

-i MOBILE 
SECONDARY 
ANALYZERS 

ttt 

.·T •... ··~~~~~-~~-~ .. ···•• •• 

· · ·· · ·-·- .... , 
0 2 , C02, NOx, 

CO, S02 

t 

. ..... : 

() 

0 z 
0 
=i 

. .. .. . . 
0 ·. z . 
m VENT: 

. ·. .. 

•• 

(/) 
w 

--....~ Zt-
Qb , 
I-CO 
~(/) 
CO<( 
::J(9 
<((/) 
()<( 

in 

. . . . 
~···::::::::::::~ .. : . 

•.. -·-····· . 

P-liiir. 
' -~-GAS DILUTER 

VENT 

l 

0 2 , C02, NOx, CO, S02 

FIXED 
PRIMARY 

ANALYZERS 

I 

• '"- :::u • . . 
•······················••• 

.. 
••••••·······························•••••••••••··············•··••·•·•• 

Shown fullv eauiooed. Some labs mav not contain these features and others mav contain additional features soecific to certain scooes. 

0::: w 
z 
0 
i= 
0 
z 
0 
() 

(/) 
<( 
(9 

- t··. 
~ ... 
.0 • 

E 
:::1 

~ 
0. 
E 
m 
(/) 

"C 
.!!! 
m 
(]) 
.c 
(]) 

:§ 
(ij 

~ 
u 
~ 
(./) 

............. :::1 
"C 

00 0000 00 0000 

11 
r 
0 

Q=F-? $ ~ 
=:. ="'="=.:. () 
-= -<:::>- 0 

:.-=. .::::o.;:;..:. z 
-i 
;u 
0 
r 
s: 
)> 
z 
11 
0 r 
0 

AIR HYGIENE 

FTIR 

Figure 1 
EMISSIONS TESTING LAB 

1600 W Tacoma Street 
Broken Arrow, Oklahoma 74012 
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TABLE 1: TESTING MATRIX 

Target EPA Test Method Locations/Unit Test Load(s) Test Length 

o, 3a > 90% of peak load under pipeline conditions 3 x 60-minute test runs 

Moisture 4 or 320 > 90% of peak load under pipeline conditions 3 x 35 (60)-minute test runs 

NOx 7e or 320 > 90% of peak load under pipeline conditions 3 x 60-minute test runs 

co 10 or 320 > 90% of peak load under pipeline conditions 3 x 60-minute test runs 

voc 18 or 320 I 25a > 90% of peak load under pipeline conditions 3 x 60-minute test runs 

TABLE 2: ANALYTICAL INSTRUMENTATION 

Parameter Model and Common Sensitivity Detection Principle 
Manufacturer Use Ranges 

o, Servomex or 0-25% 0.1% Oxygen - Paramagnetic cell 
equivalent 

NOx TEC042Cor 0-10,000 0.1 ppm Thermal reduction ofN02 to 
equivalent ppm NO. Chemiluminescence of 

reaction of NO with 0 3• 

Detection by PMT. 
Inherently linear for listed 
ranges. 

co TEC048Cor 0-10,000 0.1 ppm Infrared absorption, gas filter 
equivalent ppm correlation detector, 

microprocessor based 
linearization. 

voc VIG 210 User may 0.1 ppm Gas Chromatography and 
select up to Flame Ionization Detector 
3,000 ppm 

Alternatives MKS Multigas User may 0.04 ppm Fourier Transform Infrared 
2030, or select up to Spectroscopy 
equivalent l,IOOppm 



TABLE 3: ANALYTICAL INSTRUMENTATION TESTING CONFIGURATION 

Parameter Sample Example Calibration Gases (based 
Methodology Range on example range) 

o, 3a 0-21% Zero - 0 ppm nitrogen 
Mid~ 8.4- 12.6% 
High~ 21% 

NOx 7e or 320 0-1000 ppm Zero ~ 0 ppm nitrogen 
Mid ~ 400 - 600 ppm 
High ~ I 000 ppm 

co 10 or 320 0-1000 ppm Zero ~ 0 ppm nitrogen 
Mid ~ 400- 600 ppm 
High ~ I 000 ppm 

THC/VOC 18 or 320 0-100 ppm Zero - 0 ppm nitrogen 
(as propane) Low~ 25-35 ppm 

Mid~ 45 - 55 ppm 
High ~ 80 - 90 ppm 



APPENDIXC 

STACK DRAWINGS AND SITE SPECIFICATIONS 



~ 

1-• GC»~~L ...SSEHDL'f I H....,__. 
·- • ·~ ••• ,..., r."l"'.I>'."I"Mi: ..r.DS<!lll 0 

Stack 
Extension 

Notes: 

\ 

Ports 

• D--+ 

D = Inner diameter of the stack and extension 
Bottom of extension to ports = 2 x D 
Ports to exit to atmosphere = 0.5 x D 

T 
0.5x D 

2xD 

_L 

Ports need to have a minimum 2" diameter, but can be as 
simple as holes in the side of the extension 
Ports need to be in the same horizontal plain and at a 90 
degree orientation to each other 



APPENDIX D 

EXAMPLE TEMPLATES AND CALCULATIONS 



Client XYZ 
August 31, 2004 
Source ID #415 

Run #1 
Note: All time in FTIR system time (EST time) 

Method Filename 
HCI SEC 

Date Time (ppm) (ppm) 
(mm/dd/yy hh:mm:ss) 

08/31/04 06:59:58 L HCL Test RK2R10000003 1.580 1.358 +-----Start Spray 
08/31/04 07:01:08 L HCL Test RK2R10000004 1.419 1.366 
08/31/04 07:02:18 L HCL Test RK2R1 0000005 1.401 1.391 
08/31/04 07:03:28 L HCL Test RK2R1 0000006 1.366 1.407 
08/31/04 07:04:38 L HCL Test RK2R1 0000007 1.209 1.434 
08/31/04 07:05:48 L HCL Test RK2R10000008 1.223 1.473 
08/31/04 07:06:58 L HCL Test RK2R10000009 1.232 1.489 
08/31/04 07:08:08 L HCL Test RK2R10000010 1.198 1.469 
08/31/04 07:09:18 L HCL Test RK2R10000011 0.988 1.456 
08/31/04 07:10:31 L HCL Test RK2R10000012 0.909 1.468 
08/31/04 07:11:41 L HCL Test RK2R10000013 0.938 1.485 
08/31/04 07:12:51 L HCL Test RK2R10000014 0.964 1.505 
08/31/04 07:14:01 L HCL Test RK2R10000015 0.914 1.506 
08/31/04 07:15:11 L HCL Test RK2R10000016 1.411 1.419 
08/31/04 07:16:21 L HCL Test RK2R10000017 1.265 1.409 
08/31/04 07:17:31 L HCL Test RK2R10000018 1.202 1.413 
08/31/04 07:18:41 L HCL Test RK2R10000019 1.136 1.422 
08/31/04 07:19:51 L HCL Test RK2R10000020 1.103 1.429 
08/31/04 07:21:01 L HCL Test RK2R10000021 1.085 1.439 
08/31/04 07:22:11 L HCL Test RK2R10000022 1.075 1.426 
08/31/04 07:23:21 L HCL Test RK2R10000023 1.040 1.426 
08/31/04 07:24:31 L HCL Test RK2R10000024 1.020 1.435 
08/31/04 07:25:41 L HCL Test RK2R10000025 0.999 1.432 
08/31/04 07:26:51 L HCL Test RK2R10000026 1.047 1.447 
08/31/04 07:28:01 L HCL Test RK2R10000027 1.032 1.445 
08/31/04 07:29:11 L HCL Test RK2R10000028 0.912 1.434 
08/31/04 07:30:21 L HCL Test RK2R10000029 0.878 1.431 
08/31/04 07:31:31 L HCL Test RK2R10000030 0.836 1.429 
08/31/04 07:32:41 L HCL Test RK2R10000031 0.867 1.454 
08/31/04 07:33:51 L HCL Test RK2R10000032 0.758 1.445 
08/31/04 07:35:00 L HCL Test RK2R10000033 0.751 1.444 
08/31/04 07:36:10 L HCL Test RK2R10000034 0.736 1.446 
08/31/04 07:37:20 L HCL Test RK2R10000035 0.723 1.438 
08/31/04 07:38:30 L HCL Test RK2R10000036 0.702 1.445 
08/31/04 07:39:40 L HCL Test RK2R10000037 0.706 1.454 
08/31/04 07:40:50 L HCL Test RK2R10000038 0.711 1.460 
08/31/04 07:42:00 L HCL Test RK2R10000039 0.735 1.465 
08/31/04 07:43:10 L HCL Test RK2R10000040 0.777 1.458 
08/31/04 07:44:20 L HCL Test RK2R10000041 0.811 1.463 
08/31/04 07:45:30 L HCL Test RK2R10000042 0.818 1.468 
08/31/04 07:46:40 L HCL Test RK2R10000043 0.824 1.454 
08/31/04 07:47:50 L HCL Test RK2R1 0000044 0.785 1.448 
08/31/04 07:49:00 L HCL Test RK2R1 0000045 0.750 1.444 
08/31/04 07:50:10 L HCL Test RK2R1 0000046 0.740 1.444 
08/31/04 07:51:20 L HCL Test RK2R10000047 0.733 1.442 
08/31/04 07:52:30 L HCL Test RK2R1 0000048 0.746 1.437 
08/31/04 07:53:40 L HCL Test RK2R10000049 0.740 1.438 
08/31/04 07:54:50 L HCL Test RK2R10000050 0.750 1.444 
08/31/04 07:56:00 L HCL Test RK2R10000051 0.752 1.438 
08/31/04 07:57:10 L HCL Test RK2R10000052 0.759 1.445 
08/31/04 07:58:20 L HCL Test RK2R10000053 0.773 1.442 
08/31/04 07:59:30 L HCL Test RK2R10000054 0.787 1.453 +-----Stop Spray 

AVERAGE 0.954 1.443 



ClientXYZ 
August 31, 2004 
Source ID #415 

Spike 100%-1 
Note: All time in FTIR system time (EST time) 

Date Time 
Method Filename 

HCL SEC 
(mm/dd/yy hh:mm:ss) (ppm) (ppm) 

08/31/04 08:13:57 L HCL Test RK2M10000003 2.098 1.140 
08/31/04 08:15:07 L HCL Test RK2M10000004 2.275 1.117 
08/31/04 08:16:17 L HCL Test RK2M10000005 2.462 1.125 
08/31/04 08:17:27 L HCL Test RK2M10000006 2.748 1.126 
08/31/04 08:18:37 L HCL Test RK2M10000007 2.955 1.112 
08/31/04 08:19:47 L HCL Test RK2M10000008 3.064 1.141 
08/31/04 08:20:57 L HCL Test RK2M10000009 3.152 1.140 
08/31/04 08:22:07 L HCL Test RK2M10000010 3.077 1.110 
08/31/04 08:23:17 L HCL Test RK2M10000011 3.077 1.121 
08/31/04 08:24:27 L HCL Test RK2M10000012 2.969 1.093 
08/31/04 08:25:37 L HCL Test RK2M10000013 2.836 1.115 
08/31/04 08:26:47 L HCL Test RK2M10000014 2.569 1.084 

AVERAGE 2.775 

Matrix spike flow must be 10% of the system fiON. Matrix spike yield must be 10% of 
50% of the average stack valt.e or five times the minimum detection limit (MDL). 

QA Notes: 

System flow 
Matrix spike flow 

Average stack value 
Concentration to dilute by 90% 

Ideal matrix spike yield 
Minimum matrix spike yield 
Maximum matrix spike yeild 

4 
0.4 

3.00 
1.50 
2.85 
2.00 
3.71 

LPM 
LPM 
ppm 
ppm 
ppm 
ppm 
ppm 

1. The uncertainty value reported by the FTIR software, AutoQuant4, is a measure of 
how well the model works. It is cak::ulated from the residual spectrum. The residual 
has a mean of zero; if the model fits the data exactly the residual itself will be zero 
everywhere. The number that AutoQuant4 reports is caled the Standard Error of the 
Estimated Concentration, or SEC, after the Halaand nomenclature. lt is also known a 
the Marginal Standard Deviation. The uncertainties in the concentration are 
proportional to the square root of the sums of the squares of the residual. 

2. Calibration spectral data and run spectral data is not included in this report. 
Electronic copy of this data is available upon request. 

3. Ammonia concentration was quantified using the MIDAC standards library and 
dilutions of 150 ppm NH3 certified gas bottle. 



Error Analysis 

En·or analysis for Method 320 gives a measure of the accuracy of the numerical results. Errors 
associated with the instrument response, calibration, and absorption models are important in 
understanding how real or accurate a given numerical result may be. En·or analysis was 
performed on hydrogen chloride since many of the other target analytes were not found and 
hydrogen chloride seemed to be the major HAP. The root-mean-square (RMS) noise level is 
the standard measure of noise for the FTIR used during sampling. The RMS noise level of can 
be estimated or calculated. The m'h analytical region is the absorbance region for each analyte. 
The analytical region of the analyte is described by the upper wavenumber (FU) and the lower 
wavenumber (FL) that are bracketed in the Auto Quant method for each analyte. The RMSD is 
easily calculated using an array basic program that is run using Grams software (developed by 
Dr. Grant Plununer, Rho Squared, Durham, NC.) 

The band area (AAI) of the i'h analyte in the m'h analytical region, is taken at the concentration 
(CL) conesponding to the product of its required detection limit (DL) and analytical 
uncertainty limit (AU). A spectral standard of the analyte is scaled down using a scaling factor 
that is based on the ratio of the scaled concentration-path length product to the reference 
concentration path length product. 

F = D, = AU;xDLixL.' 

DR DR 

The value of DL was chosen to be 0.006 ppm with an AU of 5% or 0.05 for all hydrogen 
chloride. CL is 0.000007 ppm. The path length (M) was 10 m. The absorbance of the 
hydrogen chloride spectrum was scaled down so that the absorbance in the analytical region 
conesponded to the absorbance at 0.00001 ppm. This was done by applying each scaling factor 
(F) to the spectrum using the Arithmetic Calculation function of Grams (using an array basic 
expression: #s = #s*scaling factor). The analytical region was integrated and the area was 
reported as AAI. In some cases just one range of wavenumbers in the m1h analytical region are 
used to determine the AAI(truncated), in other cases a broad range of the m'h analytical region is 
used. 

The minimum analyte uncertainty (MAU) is the calculated minimum concentration for which 
the analytical uncertainty limit (AU) in the measurement of the i'h analyte, based on spectral 
data in the m'h analytical region, can be maintained. MAU can be calculated as follows: 

MA TT,.,,,= (RM.S)(DL,·)(ATT,.)(F[];,- FLm) V1 - Vi Appendix D to addendum to Method 320 
AAfim 

equation D.l 

where the weighted average accounted for by Grams is given by: 

Appendix D to addendum to Method 320 

HCI Error Analysis.doc 



equation D.2 

The MAU of the hydrogen chloride was 0.0510 ppm, which meets the detection limit for 
measuring below 1 ppm. The fi"actional reproducibility uncettainty (%) FRU is the error in the 
concentration of the i1

h analyte. This weighted mean of the quantities FRU;m, based on the CTS 
spectra, is a fractional value representing the uncertainty in the analytical results caused by 
variations in FTIR system performance. The FRU is calculated by: 

FRUt = (SRMSt)(FFUt- FFLt) . 
BAVt 

The quantitySRMS1 is based on the difference between the CTS spectra {Rl} and {R2}. 
FFU 1 and FFL1 are the upper and lower wavenumbers of the CTS spectral region associated 
with the analytical region. The BA V 1 is the m1

h analytical region absorption area of the CTS 
spectrum. 

The fractional calibration uncertainty (FCU) is the mean of the absolute fractional difference 
between the ASC and ISC. Where ASC is the accepted standard concentration and ISC is the 
indicated standard concentration. The percentage differences were reported in the error 
analysis spread sheet in decimal form. The highest FCU was approximately 6.94% difference 
in the ASC and ISC for hydrogen chloride. 

The fi·actional model uncertainty (FMU) is twice the product of the+- error (sigma) given by 
AutoQuant Pro. Two FMU cases were calculated: a low FMU when there is 0- 1 ppm 
hydrogen chloride in the sample stream and a high FMU when there is up to 47.1 ppm 
hydrogen chloride in the sample stream. The MAU was taken to be the maximum of the 
overall errors (OFU). 

HCl ErrorAnalysis.doc 



Error Analysis 

All Reference spectra were made on the instrument used for analysis 

Reference spectra used: 

1. N2 purge, 150C, 15.0 psi, 128 sc 

2. LWB HCL Test, 150C, 15.0 psi, ppm HCI 

HCI 

Reference Spectra concentration ppm-m 25.0 

Reference Spectra Concentration, ppm-m/K 0.0591 

Reference Spectra Concentration, ppm 2.500 

Reference Band Area 0.1579 

Sample Pathlength, M 10.00 

Reference Pathlength, M 10.00 

DL, ppm 0.006 

DL, ppm-m 0.060 

DL, ppm-m/K 0.0001418 

AU 0.05 

CL 0.000 

CL (ppm-m/K) 0.000007 

FU 3093.8 

FL 2630.7 

FC 2862.3 

AAI (truncated region) 0.0000030 

AAI 0.0000030 

BAV 0.0001000 

SRMS 0.0000010 

RMSD (array basic) 0.0000400 

MAU, ppm, 121C 2.3153 

MAU, ppm-m, 250F 23.1525 

MAU, ppm-m/K, 250F 0.0510 

FRU 4.6305 

FCU 0.0694 

FMU 2.461508 

ocu 4.6305 

scaling factor 0.00012 

RMS (Grams Integration Function) 0.0001 

HCL Error Analysis.xls 



EMISSION CALCULATIONS SUMMARY TABLES 

Company: XYZ, Inc. 
Unit Tested: Source ID #415 

Stack Gas Flow Rate: Method 2 

Test# 0 2 Cone.(%} Stack Flow Stack Flow 
(SCF/hrl ISCF/minl 

1 15.1 6,886,714 114,779 
2 15.2 6,847,861 114,131 
3 14.9 7,020,901 117015 

Average 15.1 6 918 492 115308 

C02 Mass Emission Rate 

Test# 
C02 Cone. 

(%) 
1 7.9 
2 7.8 
3 8.0 

Average 7.9 

Hydrogen Chloride Mass Emission Rate 

Test# HCI Cone. HCI@15%02 
MW (ppmvwl (ppmvw) 

1 1.0 0.98 36.46 
2 0.7 0.8 36.46 
3 0.4 0.4 36.46 

Averaae 0.7 0.7 36.5 

Date: August 31, 2004 

Location: 

Fuel Rate Production Rate 
ITPHl IT PHI 
5.73 13.00 
5.19 12.58 
6.08 13.63 
5.67 13.07 

E (lb/hr) E (ton/yr) 

0.62 2.72 
0.47 2.07 
0.28 1.23 
0.5 2.01 

Caustic Spray 
Rate (GPM). 

3.00 
3.00 
3.00 
3.00 



EMISSION CALCULATIONS 

Stack Gas Flow Rate via 
EPA Method 19 (F-Factor) 

(
FFactorxQ1 xHHVJ ( 20.9% ) Q (SCFH)= X 

s 1,000,000 20.9%-CRA0 , 

fuel flow (SCFH) Qr 
HHV 
FFactor 
CRAm 

high heating value of gas - dry (Btu/SCF) 
F factor (SCF/MMBTU) 
concentration of02 (%) 

Concentration@ 15% Oxygen and ISO Standard Day Conditions 

@ 15o/o &l _ @ 150/0 PCD+ 14.695 2 718 (Io>(RH~.-o.oo633)) ( 519 )1.53 

PCD+ ~ 460+' F 
ppm YO 2 SO - ppm /0 2 X ( ) X • X 

2.036 
PCD: Absolute pressure (psia) at combuster inlet (PCD) at 29.95 in. Hg ambient pressure 
PB: Gauge pressure (psig) at combuster inlet (PCD) at ambient pressure test conditions 
RH8p: Ambient specific humidity at test conditions (lbs moisture/lb d1y air) 
'F: Ambient temperature at test conditions (°F) 
Standard ISO Day Conditions: Temperature= 519 °R 

Pressure= I atm 

Mass Emission Rate Calculations 

E(lb/ hr) = CRA x Qs x MW 
106 G 

CRA corrected raw average 
Qs stack gas flow rate (Method 19) 
MW molecular weight (lbllb-mol) 
G ideal gas conversion factor 

E/b/1,· X 453.6 
E (g I hp · hr) = --"'"-'''----

bhp 
bhp brake horsepower 

Elbl hr X hryear 
E(ton I yr) = ---:-:-~ 

2000 
In· year hours per year 

AdJustment to 15% Oxygen 

( 
20.9%-C0 ) 

ppm@15%02 =CRAx 
0 

' 

20.9Yo-CRA0 , 

CRA = corrected raw average 
C02 = oxygen concentration to conect to 
CRAm = actual corrected raw average oxygen 
concentration 



. 

• AIR HYiiiEI\IE 
ENGINE TEST· FIELD DATA SHEET 

Company: o, NOx co THC co, so, 
Location: CYLINDER Low 

SERIAL 
Date: NUMBERS Mid 

Unit Make and Model: High 

Unit Number: 

Serial Number: N02 CONVERSION Stack Dia. 

Data Recorded By: N02 Gas (ppm) Measured By: 

Tested With AHI Unit(s): Truck(s): Trailer(s): NO Reading (ppm) Measured With: 

LDEQ Warmup/Cal Req: On (DaylTime): Cal (Day!Time): NOx Reading (ppm) 

C Iinder Num 

RUN INFORMATION Run#1 Run#2 Run#3 Run#4 Average 
REPORT INFORMATION 

Time Start (hh:mm:ss) INSTRUMENT SERIAL# 

Time Stop (hh:mm:ss) o, 
Barometric Pressure (in. Hg) NOx 

Ambient Temperature (°F) co 
Relative Humidity {%) THC 

Suction Pressure (psig) co, 
Discharge Pressure (psig) so, 
Rated Horsepower (hp) 

Actual Horsepower (hp) RESPONSE TIME 

Fuel Flow (SCF/hr) TIME (hh:mm) RESP (min) 

Turbo Speed (npt) or (rpm) Gas Inject I I 

Engine Speed (npg) or (rpm) 1st lnst. @ 95% I I I I 

Air Manifold Temperature (°F) 2"d lnst. @ 95% I I I I 

Air Manifold Pressure (psig or ln. Hg) 3rd lnst.@ 95% I I I I 

Engine Timing BTDC 

CALIBRATION 
o, NOx co THC co, 

Cone. Actual Cone. Actual Cone. Actual Cone. Actual Cone. Actual 

Zero Gas 

Low Gas 

Mid Gas 

High Gas 

BIAS 
o, NOx co THC co, 

Zero Mid Zero Mid Zero Mid Zeco Mid Zero Mid 

Initial/Run #1 

Run #1/Run #2 

Run #2/Run #3 

Run #3/Run #4 

Run #4/Final 

Bias Gas Actual Cone. 



SOURCE SAMPLING TITLE PAGE 

English Units Cells Unprotected 

Source Information 
Plant Name XYZ Generating Station 

Sampling Location Unit X 
Fuel or Source Type Petrocoke 

Fuel F-Factor 1983 I 1983 I 1983 I 

Test Information 
Starting Test Date 05/16/02 

Project# xyz-02-usa-rata#1 
Operator TKG 

Standard Temperature 68 oF 
Standard Pressure 29.92 in Hg 

Minimum Required Sample Vol. 21 sci 
Run Duration 30 minutes 

Base Run Number 2LOW 
Number of Ports Available 4 

Number of Ports Used 4 
Port Inside Diameter 4.00 in 

Circular Stack r--1 

Test Equipment Information 
Meter Box Number E-1361R 

Meter Calibration Factor (Y) 0.984 
Orifice Meter Coefficient (LIH@) 1.765 in H20 

Pilot Identification 1 
Pilot Tube Coefficient (C,) 0.840 

Probe Number 1 
Probe Length 108.00 in 

{Ss, Glass .... l liner Material ss 
lmpinger Case Number SAMP-BC-0002 

Testing Company Information 
Company Name Air Hygiene International, Inc. 

Address 5634 S. 122nd East Ave., Suite F 
City, State Country Zip Tulsa, OK 7 4146 

Project Manager Thomas K. Graham 
Phone Number (918) 307-8865 

Fax Number (918) 307-9131 



METHOD 1 -SAMPLE AND VELOCITY TRAVERSES FOR CIRCULAR SOURCES 

Plant Name XYZ Generating Station 
Sampling Locatio Unit X 

Operator TKG 
Stack Type Circular 
Stack Size Large 

Circular Stack or Duct Diameter 
Distance to Far Wall of Stac (L~w) 187.00 

Distance to Near Wall of Stac (Low) 7.00 
(-Lfw- Low) Diameter of Stack (D) 180.00 

("3.14{DI2/Cunits)2)Area of Stack (A,) 176.71 

Distance from Port to Disturbances 
Distance Downstream (B) 

("'BID) Diameters Downstream (80 ) 

Distance Upstream (A) 
t=WDl Diameters Upstream (Ao) 

Number of Traverse Points Required 
Diameters to Minimum Number of 

Flow Disturbance Traverse Points 
Down Up Particulate Velocity 

Stream Stream Points Points 
2.00-4.99 0.50-1.24 24 16 
5.00-5.99 1.25-1.49 20 16 
6.00-6.99 1.50-1.74 16 12 
7.00-7.99 1.75-1.99 12 12 
>= 8.00 >=2.00 8 or 122 8 or 122 

Upstream Spec 12 12 
Downstream Spec 12 12 

Traverse Pts Required 12 12 
1 Check Minimum Number of Points for the Upstream 

and Downstream conditions then use the largest 
2 8 for Circular Stacks 12 to 24 inches 

12 for Circular Stacks over 24 inches 

LOCATION OF TRAVERSE POINTS CRC 

1794.00 
9.97 

3750.00 
20.83 

c 
Traverse Fraction of Stack Diameter from Inside Wall to Traverse Point 

Point e Poi 
Number 2 4 6 8 10 12 14 16 16 

1 0.146 0.067 0.044 0.032 0.026 0.021 0.018 0.016 0.014 
2 0.854 0.250 0.146 0.105 0.082 0.067 0.057 0.049 0.044 
3 0.750 0.296 0.194 0.146 0.118 0.099 0.085 0.075 
4 0.933 0.704 0.323 0.226 0.177 0.146 0.125 0.109 
5 0.854 0.677 0.342 0.250 0.201 0.169 0.146 
6 0.956 0.806 0.658 0.356 0.269 0.220 0.188 
7 0.895 0.774 0.644 0.366 0.283 0.236 
8 0.968 0.854 0.750 0.634 0.375 0.296 
9 0.918 0.823 0.731 0.625 0.382 
10 0.974 0.882 0.799 0.717 0.618 
11 0.933 0.854 0.780 0.704 
12 0.979 0.901 0.831 0.764 

Date 05/16/02 
Project# xyz~02~usa-rata#1 

#of Ports Available 4 
#of Ports Used 4 

Port Inside Diamete 4.00 

in 

in 
in 
ft2 

in 
diameters 

in 
diameters ~I ,..---+tl 

B 
_L 

/'----\ 

Number of Traverse Points Used 
4 I Ports by 3 I Across 
12 I Pts Used 12 I Required 

.c:::.J Velocity Traverse 

Traverse Point Locations 
Fraction Distance Distance 

Traverse of from Including 
Point Stack Inside Reference 

Number Diameter Wall Length 
in in 

1 0.04 7 7/8 14 7/8 
2 0.15 262/8 33 2/8 
3 0.30 53 2/8 60 2/8 
4 
5 
6 
7 
8 
9 
10 
11 
12 



METHOD 3a- DETERMINATION OF DRY MOLECULAR WEIGHT BY ANALYZE~ 

Plant Name XYZ Generating Station Date 05/16/02 
Sampling Location Unit X Project# xyz-02-usa-rata#1 

Operator TKG # of Ports Used 4 
Fuel Type N/A I Minimum Fuel Factor .. I. Maximum Fuel Factor! 

Orsat Leak Check 0 I PreTest I 0 I PostTest Orsat Identification! SAMP-BC-0002 

Gas Analysis Data 
Run Number 2LOW-1 Run Start Time 7:50 Run Stop Time 8:21 

Sample Carbon 
Oxygen 

Carbon Carbon 
Oxygen 

Carbon 
Nitrogen 

Dry Molecular 
Analysis Dioxide 

Cone. 
Monoxide Dioxide 

Cone. 
Monoxide 

Cone. 
Molecular Weight 

Time Cone. Cone. Cone. Cone. Weight Deviation 

(%C02) (%02) (ppmCO) (%C02) (%02) (%CO) (%N2) (M,) (t>M,) 

hh:mm percent percent ppm percent percent percent percent lb/lb-mole lb/lb-mole 
0:31 15.0 4.9 72.1 15.0 4.9 0.0 80.1 30.60 0.00 

Results Averages 15.0 4.9 0.0 80.1 30.60 
Average Calculated Fuel Facto (Fo)avg 1.063 Molecular Wt Deviation < 0.3? 0 

Average Excess Ai (%EA)avg 30.2 percent Fuel Factor in Handbook Range 0 

Gas Analysis Data 
Run Number 2LOW-2 Run Start Time 10:09 Run Stop Time 10:42 

Sample Carbon 
Oxygen 

Carbon Carbon 
Oxygen 

Carbon 
Nitrogen 

Dry Molecular 
Analysis Dioxide 

Cone. 
Monoxide Dioxide 

Cone. 
Monoxide 

Cone. 
Molecular Weight 

Time Cone. Cone. Cone. Cone. Weight Deviation 

(%C02) (%02) (ppmCO) (%C02) (%02) (%CO) (%N2) (M,) (AM,) 

hh:mm percent percent ppm percent percent percent percent lb/lb-mole lb/lb-mole 
0:33 15.1 4.9 72.3 15.1 4.9 0.0 80.0 30.61 0.00 

Results Averages 15.1 4.9 0.0 80.0 30.61 
Average Calculated Fuel Facto (Fo)avg 1.062 Molecular Wt Deviation < 0.3? 0 

Average Excess Ai (%EA)avg 29.8 percent Fuel Factor in Handbook Range 0 

Gas Analysis Data 
Run Number 2LOW-3 Run Start Time 11:40 Run Stop Time 12:10 

Sample Carbon 
Oxygen 

Carbon Carbon 
Oxygen 

Carbon 
Nitrogen 

Dry Molecular 
Analysis Dioxide 

Cone. 
Monoxide Dioxide 

Cone. 
Monoxide 

Cone. 
Molecular Weight 

Time Cone. Cone. Cone. Cone. Weight Deviation 

(%C02) (%02) (ppmCO) (%C02 ) (%02) (%CO) {%N2) (M,) (t>M,) 

hh:mm percent percent ppm percent percent percent percent lb/lb-mole lb/lb-mole 
0:30 15.3 4.7 71.3 15.3 4.7 0.0 80.0 30.63 0.00 

Results Averages 15.3 4.7 0.0 80.0 30.63 
Average Calculated Fuel Facto (Fo)avg 1.060 Molecular Wt Deviation < 0.3? 0 

Average Excess Ai (%EA)avg 28.7 percent Fuel Factor in Handbook Range 0 
WI 

Fuel Factor Fo Formulas Used 0 
Fuel Type Minimum Maximum %C02- Vco2 

Coal, Anthracite 1.016 1.130 %02 = V02- Vco2 

Coal, Lignite 1.016 1.130 %CO= Vco- V02 

Coal, Bituminous 1.083 1.230 %N2 = 100- %C02- %02- %CO 

Oil, Distillate 1.260 1.413 Me~= .44(%C02)+ .32(%02 )+ .28(%N2 + %d2J) 

Oil, Residual 1.210 1.370 i.\Mc~ = Me~ - Mtlavg 

Gas, Natural 1.600 1.836 Fa= (20.9- %Or .S%CO)/(%C02 +%CO) 

Gas, Propane 1.434 1.586 %EA=100(%02-.5%C0)/(.264%N02-(%02-.5%CO)) 

Gas, Butane 1.405 1.553 
Wood 1.000 1.120 
Wood Bark 1.003 1.130 



METHOD 4- DETERMINATION OF MOISTURE CONTENT IN STACK GASES 

Plant Name XYZ Generating Station Date 05/16/02 
Sampling Location Unit X Project# xyz~02-usa-rata#1 

Operator TKG # of Ports Used 4 
Stack Type Circular Meter Box Number E-1361R 

Train Leak Check 0 I PreTest I 0 I PostTest Meter Cal Factor (Y) 0.984 

Moisture Content Data 

Run Number 2LOW-1 Run Start Time 7:50 Run Stop Time 8:21 
Total Meter Volume (V,) 22.130 del Barometric Press. (P;) 30.15 in Hg 

Avg Meter Temp (lm)avg 87 oF Stack Static Press. (Pstalicl 1.00 in H20 
Avg Stack Temp (ls)avg 215 oF Avg Orifice Press. (t.H)avg 1.70 in H20 

lmpinger 1 lmpinger 2 lmpinger 3 lmpinger 4 lmpinger 5 lmpinger 6 lmpinger 7 
g 9 9 9 ml ml ml 

Contents Dl Dl SiiGel 
Final Value (V;),(W;) 850.00 832.00 620.00 863.00 
Initial Value (V;),(W;) 835.00 819.00 616.00 855.00 

Net Value (V,),(W,) 15.0 13.0 4.0 8.0 
Results 

Total Volume (V,) 0.00 ml Water Vol Condensed (Vwc{std)) 0.000 sci 
Total Weight (W,) 40.00 g Water Vol Weighed (Vwsg(std)) 1.886 sci 

Std Meter Volume (Vm(std)) 21.259 dscf Sat. Moisture Content (Bws(svpj) 100.0 % 
Calc Moisture Conten (Bws(calc)) 8.1 % Final Moisture Conten (8=) 8.1 % 

Moisture Content Data 

Run Number 2LOW-2 Run Start Time 10:09 Run Stop Time 10:42 
Total Meter Volume (Vm) 22.540 del Barometric Press. (P;) 30.18 in Hg 

Avg Meter Temp (tm)avg 88 oF Stack Static Press. (Pstalic) 1.00 in H20 

Avg Stack Temp (ts)avg 215 oF Avg Orifice Press. (AH)avg 1.70 in H20 

lmpinger 1 lmpinger 2 lmpinger 3 lmpinger4 lmpinger 5 lmpinger 6 lmpinger7 

g 9 g 9 ml ml ml 
Contents Dl Dl SiiGel 

Final Value (V;),(W;) 880.00 841.00 620.00 874.00 
Initial Value (V,),(W,) 850.00 832.00 620.00 863.00 

Net Value (V,),(W,) 30.0 9.0 0.0 11.0 
Results 

Total Volume (V,) 0.00 ml Water Vol Condensed (Vwcfsld) 0.000 sci 
Total Weight (W,) 50.00 g Water Vol Weighed (Vwsg(sld) 2.358 sci 

Std Meter Volume (Vmstd) 21.643 dscf Sat. Moisture Conten (Bwssv ) 100.0 % 
Calc Moisture Conten {Bws) 9.8 % Final Moisture Conten (8=) 9.8 % 

Moisture Content Data 

Run Number 2LOW-3 Run Start Time I 11:40 Run Stop Time 12:10 
Total Meter Volume (V,) 22.700 del Barometric Press. (P;) 30.17 in Hg 

Avg Meter Temp (lm)avg 89 oF Stack Static Press. (Pstatic) 1.00 in H20 

Avg Stack Temp (ts)avg 218 oF Avg Orifice Press. (AH)avg 1.70 in H20 

lmpinger 1 lmpinger 2 lmplnger 3 lmpinger4 lmpinger 5 lmpinger 6 lmplnger 7 
g g g 9 ml ml ml 

Contents Dl Dl SiiGel 
Final Value (V,),(W,) 912.00 847.00 622.00 874.00 
Initial Value (V,),(W,) 880.00 841.00 620.00 874.00 

Net Value (Vn).(Wn) 32.0 6.0 2.0 0.0 
Results 

Total Volume (V,) 0.00 ml Water Vol Condensed (Vwc(stdj) 0.000 sci 

Total Weight (W,) 40.00 g Water Vol Weighed (Vwsg(sld)) 1.886 sci 

Std Meter Volume (Vm(stdj) 21.737 dscf Sat. Moisture Content (Bws(svp)) 100,0 % 

Calc Moisture Conten (Bws) 8.0 % Final Moisture Conten (Bws) 8.0 % 



METHOD 2- DETERMINATION OF STACK GAS VELOCITY AND VOLUMETRIC FLOW RAT! 

Plant Name XYZ Generating Station Date 05/16/02 
Sampling Location Unit X Project# xyz-02-usa-rala#1 

Operator TKG # of Ports Used 4 
Stack Type Circular Pilot Identification 1 

Pitot Leak Check 0 I PreTest I 0 I PostTest Pitot Coefficient (Cp) 0.84 

Stack Dimensions Velocity Traverse Data 
Diameter or Length of Stack (D) 180.00 in Run Numbe 2LOW-V1 

Width of Stack (W) in Run Time 8:33 Start 8:48 End 
Area of Stack (A,) 176.71 ft2 Traverse Velocity Null Stack Local 

Point Head Angle Temp Velocity 
Pressures (Ap) (I,) (vs)J 

Barometric Pressure (P,) 30.17 in Hg in H20 deg oF fUsee 

Static Pressure (Pslalic) 1.00 in H20 A-1 0.55 0 213 46.2 
Absolute Stack Pressure (P,) 30.24 in Hg A-2 0.66 0 213 50.6 

A-3 0.62 0 214 49.1 
Stack Gas Composition B-1 0.50 0 214 44.1 

Composition Data: I r-T1 Actual Composition B-2 0.68 0 215 51.4 
Carbon Dioxide Concentration (%C02) 15.0 % B-3 0.60 0 215 48.3 

Oxygen Concentration (%02) 4.9 % C-1 0.42 0 213 40.4 
Carbon Monoxide Concentration (%CO) 0.0 % C-2 0.55 0 214 46.2 

Nitrogen Concentration (%N2) 80.1 % C-3 0.58 0 215 47.5 
Stack Moisture Content (Bws) 8.149 % D-1 0.50 0 213 44.0 

Stack Dry Molecular Weight (M,) 30.60 lb/lb-mole D-2 0.50 0 214 44.1 
Stack Wet Molecular Weight (M,) 29.58 lb/lb-mole D-3 0.47 0 214 42.7 

Results 

Avg Stack Gas Velocity (vs) 46.2 fUsee 

Avg Stack Dry Std Flow Rate (Q,,) 21390710 dscf/hr 

Avg Stack Dry Std Flow Rate (Osd) 356512 dscf/min 

Avg Stack Wet Flow Rate (Q~) 490105 acf/min 
Avg Stack Wet Std Flow Rate (O.w) 23288375 ascf/hr 

I Stack Cross Section Schematic I 
N 

-fA1__ / 
1 
2 
3 

B 1 2 3 
3 

3 2 1 D 

2 Average 
0.55 0 214 

1 0.74 = Square roots of .llp 

~ c 

Formulas Used 

As- DW/Kv for Rectangular Stacks T s(avg) - \Lts + Tv 

As= (n(D/2)2)/Ku for Circular Stacks where T u = 273 °K for metric units 
where Ku = 1 for metric units where T u = 460 °R for English units 

where Ku = 144 (in2/ft2) for English units Vs"' KpCp(Ap)
112a"9 {Ts(•"9/{PsMs))112 

Ps = Pbar + Pslatic/13.6 where Kp = 34.97 for metric units 

%N2 = 100- %C02- %02- %CO where Kp = 85.49 for English units 

Md = .44(%C02) + .32(%02 ) + .28(%N2 + %CO) Qsd = 3600(1 ~ Bws)V5A5 (TstafTs(avg))(PsfPstd) 

Ms = Md(1- Bws) + 18Bws where Tstd = 293 °K, Pstd = 760 mm Hg, for metric units 
(Ap) 112avg"' 1/n"E(Ap 1/2) where Tstd = 528 °R, Pstd = 29.92 in Hg, for English units 



Air Permit#: 

Plant Name or Location: 

Date: 

Project Number: 

Manufacturer & Equipment: 

Model: 

Serial Number: 

Unit Number: 

Test Load: 

Tester(s) I Test Unit(s): 

RUN 

UNITS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Start Time hh:mm:ss 

End Time hh:mm:ss 

Bar. Pressure in. Hg 

Amb. Temp. "F 

Rei. Humidity % 

Spec. Humidity lb water I !b air 

Comb. Inlet Pres. psig 

NOx Water lnj. gpm 

Total Fuel Flow SCFH 

Heat Input MMB!u/hr 

Power Output megawatts 

Steam Rate lb/hr 

Comp&RATA&Eng-AHI v1.3 



Client: 
Location: 

Date: 
Project#: 

-Natural Gas Fuel Analysis Standardized to 68 deg F and 14 696 psi a EPA Standards 

Molecular1 

Gas Component Mole(%) Weight 
(lbllb·mole) 

Methane CH, 
Ethane CzH6 

Propane C3H8 

fso·Butane iC4H10 

n·Butane nC4H10 

lso·Pentane iCsH12 

n·Pentane nC5H12 

Hexanes C6H14 

Heptanes C7H16 

Octanes CoH1s 

Carbon Dioxide co, 
Nitrogen N, 
Hydrogen Sulfide H,S 
Oxygen o, 
Helium He 
Hydrogen H, 

Totals 

Characteristics of Fuel Gas 

Molecular Weight of gas"' lb/lb-mole 

Btu per lb. of gas4
"' gross (HHV) 

Btu per lb. of gas4
- net (LHV) 

Density of fuel gas2 
"' lb/cu. ft 

Wt % VOC in fuel gas - % 

Specific Gravitv1 
"' 

F-Factor (SCF dry exhaust per MMBtu [HHV])

(Based on EPA RM-19) at 68 deg F and 14.696 psia 

F·Factor Calculation: 

Lbs 
Component Wt.%of 
per lb·Mole Component 

of Gas 

F-Factor "' 1 ,000,000*((3.64*%H)+(1.53*%C)+(0.57*%S)+(0.14*%N)·(0.46*%0))/GCV 

GCV"' Gross Btu per lb. of gas (HHV) 

Ideal Gross1
'
3 Fuel Heat 

Heating Value Value [HHV] 

(Btulfe) (Btu/SCF) 

dry 

wet2'5 

%H, %C, %S, %N, & %0 are percent weight values calculated from fuel analysis and have units of (scfllb)/% 

Density of natural gas based on specific gravity multiplied by density of air at 68 deg F and 14.696 psia. 

References: 
1 ASTM 03588 
2 Civil Engineering Reference Manual, 7th ed. - Michael R Undeburg 
3 Mark's Standard Handbook for Mechanical Engineers, 10th ed.- Eugene A. Avallone, Theodore Baumeister Ill 
4 Introduction to Fluid Mechanics, 3rd ed.- WilliamS. Janna 
5 GPA Reference Bulletin 181-86, revised 1986, reprinted 1995 

Comp&RATA&Eng-AHI v1.3 

Ideal Net1'
3 Fuel Heat 

Heating Value Value [LHV] 

(Btu/te) (Btu/SCF) 

dry 
wee·s 

Component Wt% 

carbon 

oxygen 

hydrogen 

nitrogen 

helium 

sulfur 

Total 



Calibration Date: 
Client: 

NOx Span (ppm)= 

THERMO 42H NOxAnal ,., 
Certified Instrument Calibration Absolute 

Concentration Response Error Cone. 
(ppm) (ppm) (%) (ppm} 

linearity= 

CO Span (ppm)= 

API300 (CO Anal zer) 
Certified Instrument Calibration Absolute 

Concentration Response Error Cone. 
{ppm) (ppm} {%) {ppm) 

linearity= 

02 Span(%)= 

SERVOMEX 1400 (0.: Analyzer) 
Certified 

Concentration 
(ppm) 

lirlearity = 

THC Range (ppm)= 

Instrument Calibration Absolute 
Response 

(ppm) 
Error 
(%) 

Cone. 
(ppm) 

THERMO 51 THC Analyzer) 
Certified 

Concentration 
{ppm) 

linearity= 

Instrument Calibration Estimated 
Response 

{ppm) 
Error 
(%} 

Point 
(ppm) 

'-zerc.'hlgh based on 2% of s-pan,i<YHimid based on 5% of Goocomtr.Uon 

C02 Span(%)= 

Certified 
Concentration 

(ppm) 

linearity= 

Comp&RATA&Eng·AHI v1.3 

FUJI 3300 (C02 Analyzer) 
Instrument Calibration Absolute 
Response 

(ppm) 
Error 
(%) 

Cone. 
(ppm) 

Pass or 
Fall {±2%, 
:SO.Sppm) 

Pass or 
Fall {±2%, 
:S0.5ppm) 

Pass or 
Fail (±2%, 

SO.S%) 

Pass or 
Fall 

(±2,S%t 

Pass or 
Fail (±2%, 

SO.S%) 

THERMO 42H (NOx Analyzer) Linearity Plot 

. ··~ ,----,--,-~-,-----,---,----, 

[ '·"' 
"" O.BO 
~e 
~ ~o.so 
E 0.40 --

I 0.20 -· ·-
0.00 l----1---1-----l-----l---l--·_j 

0.00 0.20 0.40 0.60 o.an '·"" ·~ 
Certified Concentrations (ppm) 

API 300 (CO Analyzer) Linearity Plot 

I 1.20 Tt====~====l=====~====+====l====~ .So 1.00 

[ 0.80 +---l----1--
£ 0.60 +---t--+--+---1--+----i 
i 0.40 j----+-·-+--+---+---1----1 
~ 0.20 1---+---+--+--·+----l----1 
.5 0.00 +----1----1---+---+---l---l 

0.00 0.20 0.40 0.00 0.80 LOO 1.20 

Certified Concentrations (ppm) 

SERVOMEX 1400 (02 Analyzer) Linearity Plot 

l1.20 ,--.,--,--,--,---,--, 

:ll 1.00 t------------l---+---+---+--···-l----l 
[ 0.00 +---+---+-·--+---+---+---· 
~ 0.60 t---t---1---+---1---1----1 
~ 0.40 t---t---t---1---t---t----l 

I 0.20 t---+--+---1--+---1---1 
0.00 I--- ----+---+--+--~1---1 

0.00 0.20 0.40 000 0.80 1.00 1.20 

Certified Concentrations{%) 

THERMO 51 (THC Analyzer) Linearity Plot 

H~FI: ~ 11=11~ 
0.00 0.20 0.40 O.GO 0.80 ,., 1.20 

Certified Concentrations {ppm) 

FUJI 3300 (C02 Analyzer) Linearity Plot 

;;? 1.20 ,--,--,--.,---.,----,---, 

¥ 1.00 l---+--+----1--+--f---j 

! :::: +---+---+---+---+--+--~ 
" E o.40 t----t---t---t---+--t---~ 
j 0.20 +---+---+----+---+--+--~ 

0.00 1---l----l---1---1---1---l 
o.oo o.2o oAo o.ao o.ao 1.00 1.20 

Certified Concentrations(%) 



NOx Converter Efficiency 
Date: 

Analyzer: 

RM 7E, (08-15-06), 8.2.4.1 Introduce a concentration of 40 to 60 ppmv N02 to the analyzer in 
direct calibration mode and record the NOx concentration displayed by the analyzer. ... 
Calculate the converter efficiency using Equation 7E-7 in Section 12.7. The specification for 
converter efficiency in Section 13.5 must be met. ... The NO 2 must be prepared according to 
the EPA Traceability Protocol and have an accuracy within 2.0 percent. 

Audit Gas: N02 Concentration (Cv), ppmvd 

Converter Efficiency Calculations: 
Analyzer Reading, NO Channel, ppmvd 
Analyzer Reading, NOx Channel, ppmvd 
Analyzer Reading, N02 Channel (Coir(No2)), ppmvd 

Converter Efficiency,% 

RM 7E, (08-15-06), 13.5 N02 to NO Conversion Efficiency Test (as applicable). The N02 to 
NO conversion efficiency, calculated according to Equation 7E-7 or Equation 7E-9, must be 
greater than or equal to 90 percent. 

E++ =(Co;,·)x!OO Eq. 7E-7= ~J N02 c 
v 

Date/Time Elapsed Time 

mm/dd/yy hh:mm:ss Seconds 

Comp&RATA&Eng-AHI v2.1 

NOx 

ppmvd 

ppmvd 

ppmvd 
X 100 = 

NO 

ppmvd 



Fuel Data 
Fuel F, factor 

Fuel Heating Value (HHV 

""" ""' 

Run-1 
DatefTime 

{mmfdd/yy hh:mm:ss) 

RAW AVERAGE 

Upscale Cal Gas 

Comp&RATA&Eng-AHI v1.3 

" ·' • 

Elapsed Time 
(seconds) 

Serial Number: 

Initial Zero 
Final Zero 
Avg.Zero 

Initial UpScale 
Final UpScale 
Avg. UpScale 

SCF/MMBlu 

BtuiSCF 

o, 
(%) 

o, 

(%) 

NO< 
(ppmvd) 

NO< 

{ppmvd) 

Weather Data 
Barometric Pressure 

Relative Humidity 

Ambient Temperaturo 
S~ificHumidily 

co 
(ppmvd) 

co 

{ppmvd) 

ln. Hg 
% ., 
!b H,O /lb air 



DRIFT AND BIAS CHECK 
Run ·1 02 NOx co 

Raw Average 

Corrected Average 

Initial Zero 

Final Zero 

Avg. Zero 
Initial UpScale 
Final UpScale 

Avg. UpScale 
Sys Resp (Zero) 

Sys Resp (Upscale) 

Upscale Cal Gas 
Initial Zero Bias 

Final Zero Bias 

Zero Drift 
Initial Upscale Bias 

Final Upscale Bias 

Upscale Drift 

ru § Initial Zero 

~~~ Final Zero 
E !E (I) Initial Upscale ruo.o 
~ 2i <{ Final Upscale <f) 

Calibration Span 

3% of Range (drift) 
5% of Range (bias) 

DRIFT AND BIAS CHECK 
Run -2 02 NOx co 

Raw Average 

Corrected Average 

Initial Zero 

Final Zero 

Avg. Zero 

Initial UpScale 
Final UpScale 
Avg. UpScale 

Sys Resp (Zero) 
Sys Resp (Upscale) 

Upscale Cal Gas 
Initial Zero Bias 

Final Zero Bias 

Zero Drift 

Initial Upscale Bias 

Final Upscale Bias 

Upscale Drift 

ru § Initial Zero 

~~5 Final Zero 

~~.2 Initial Upscale 
~ ~<( Final Upscale <f) 

Calibration Span 

3% of Range (drift) 
5% of Range (bias) 

Comp&RATA&Eng-AHI v1.3 



EMISSION CALCULATIONS SUMMARY TABLES 

Company: Date: 
Engine Tested: Location: 

Engine Serial #: 

Stack Gas Flow Rate: Method 19 

Test# 
Brake 0 2 Cone.(%) Fuel Heating Value F Factor-Dry Oxy, Fuel Flow Stack Flow 

Horsepower (Btu/SCF) {DSCFex/MMBtu) (SCF/hr) (SCF/hr) 

1 

2 

3 

Average 

NOx Mass Emission Rate 

Test# 
Brake NOx Cone. 

MW E (g/hp•hr) E (lb/hr) E (ton/yr) E (lb/MMBtu) Horsepower (ppmvd) 

1 46.01 

2 46.01 

3 46.01 

Average 46.01 

CO Mass Emission Rate 

Test# 
Brake CO Cone. 

MW E (g/hp•hr) E (lb/hr) E (ton/yr) E (lb/MMBtu) Horsepower (ppmvd) 

1 28.00 

2 28.00 

3 28.00 

Average 28.00 
Fuel Flow (Btu/hp•hr) 1s based upon the worst case assumpt1on of 8,500 Btufhp•hr fuel usage when s1te data for fuel flow 1s not available. 

Comp&RATA&Eng-AHI v1.3 



TABLE 2.1: ENGINE EMISSIONS REPORT 

Test Period: Air Permit Number: 

Location: Unit Number: 
Date: Suction Pressure (psi): 
Project Number: Discharge Pressure (psi): 
Engine Manufacturer: Stack Exhaust Temperature (°F): 
Engine Model: Rated Horsepower (hp): 
Engine Serial Number: Brake Horsepower (bhp): 
Analyzer Manufacturers: TECO(NOx), API(CO), TECO(THC) Engine Fuel Flow (SCFH): 

Analyzer Model Numbers: 42H, 300, 51 Specific Gravity: 

Date Analyzers Calibrated: Fuel Heating Value [HHV] (BtuiSCF): 
Emission Test Results: Appendix A BSFC (Btu/hp"hr): 

Analyzer Data Plots: Appendix B Annual Hours Allowed to Operate: 8,760 

Cal Gas Spec. Sheets: Appendix C Engine Speed (rpm): 

Quality Control Data Sheets: Appendix D Air Manifold Temp (°F): 

Chromatograph Report: Appendix E Air Manifold Pressure (psi): 

Ambient Temperature (°F): Turbo Speed (rpm): 
Barometric Pressure (in. Hg): Engine Ignition Timing (0 8TDC): 

Relative Humidity(%): Load Step: 

Emission Test Results Torque(%): 

Pollutant (units) Stack Test Results Permit Limits Passing Tested By: Air Hygiene International, Inc. 

NOx (avg. ppmvd) 
co (avg. ppmvd) 
voc (avg. ppmvd) 
NOx @15%02 0 2 (avg. ppmvd) 
C0@15%02 0 2 (avg. ppmvd) 
VOC @15%02 0 2 (avg. ppmvd) 
NOx (avg. lb/hr) 
co (avg. lb/hr) 
voc (avg. lb/hr) 
NOx (avg. g/hp•hr) 
co (avg. g/hp•hr) 
voc (avg. g/hp•hr) 

All testing conducted according to United States Environmental Protection Agency (EPA), 
Methods: 7e, 10 and 25a. 

Comp&RATA&Eng-AHI v2.4 



EXAMPLE CALCULATIONS (FFACTOR) 

RM 19, {07-19-06), Mark's Std Hdbk, 10th ed.,pg 4-26 
2.0 Summary of Method, High Heat Value Dry {HHVdry), calc for Methane (single component for the fuel gas) 
2.1 Emission Rates. Oxygen(~) 

or carbon dioxide (C02) 

HHV,,ry (Btu/ SCF) = [ ( %~) x GCM] 
% Bt11 Bt11 

concentrations and appropriate F HHVdry = ----x = 

factors {ratios of combustion gas 
100.00 SCF SCF 

volumes to heat inputs) are used 
to calculate pollutant emission 
rates from pollutant co Mark's Sid Hdbk, 1oth ed., pg 4-26 

Low Heat Value Dry (LHVdry), calc for Methane {single component for the fuel gas) 

RM 19, (07-19-06), 

LHV,,,(Btu/SCF)=[(7o~)xNCM] % Bt11 Bt11 
12.2 Emission Rates of PM, LHVdry= ----x = 
S02, and NOx. Select from the 100.00 SCF SCF 
following sections the applicable 
procedure to compute the PM, 
S02, or NOx emission rate (E) in Civil Eng. Ref. Man.,7th Ed.,pg 14-g/GPA Ref. Bulletin 181-86, App. C 
lb/MMBtu. The pollutant High Heat Value Wet (HHVw..1), calc for entire sample (all components of the fuel gas) 
concentration must be in lb/scf 
and the F factor must be in 
scf!MMBtu. If the pollutant HHV,-.;~(Btu/SCF) 

HHVa,,. 
HHVwet = 

Btu/SCF 
Btu/SCF -

concentration (C) is not in the WI D.factor 
appropriate units, use Table 
19-1 in Section 17.0 to make the 
proper conversion. An F factor is 

Civil Eng. Ref. Man., 7th Ed.,pg 14-9/GPA Ref. Bulletin 181-86, App. C 
the ratio of the gas volume of the 
products of combustion to the Low Heat Value Wet (LHVwe1), calc for entire sample (all components of the fuel gas) 

heat content of the fuel. The dry 
LHVr~,. F factor (F d) includes all LHV,.(Btul SCF) LHVw..t = 

Btu/SCF 
Btu/SCF 

components of combustion less WI D.factor 
water, the wet F factor (Fwl 

includes all components of 
combustion, and the carbon F 

Lbs Component per Lb-Mol of Gas (CM), calc for Methane (single component for the fuel gas) 
factor (F cl includes only carbon 

dioxide. 

CM(lbl/b-mol)=[( %~ )xMW] CM= 
% lb 

lb/lb-mol ----x 
100.00 lb-mol --

ASTM D 3588 Btu per Lb of Gas Gross (GCV) 
[ Hl/V xG] Fuel Molecular Weight {MWFuell GCV (Btu lib)= 'ry 

MWF,.1{lb //b ·mol)= 12.: (CM )] MWFuel = lbllb-mol A1WF,et 

+ lb/lb-mol Btu/SCF x fel!bmo! 
GCV= Btul!b 

+etc.= lbl!b-mol lb/lb-mol 

ASTM D 3588 {SG) 
SG=[MWFwl l SG 

lb/lb-mo! Btu per lb of Gas Net (NCV) [Ll/V xG] Specific Gravity 28.96 lbllb-mol NCV(Btullb)= 'o· 
MWAIH = MWF,.,/ 

Btu/SCF X te/!bmol NCV= 
lb/!b-mol 

Btu/lb 

Weight Percent of Component (C.,.), methane 

c,.,(%)=[( -~-}oo] 
MWF,.,/ 

RM 19, {07 -19-06), Weight Percent of Volatile Organic Compounds (VOC%) 

lb/lb-mol [C,H, ] 
C%= X 100 " % voc,.(%)= LM,. 

lb/lb-mol 
('3H 1 

VOC%= % + % + % + etc.= % 

RM 19, (07-19-06), 12.3.2 Determined F Factors. If the fuel burned Is not listed in Table 19---2 or if the owner or operator chooses to determine an F 
factor rather than use the values In Table 19--2, use the procedure below: 12.3.2.1 Equations. Use the eq 

RM 19, {07-19-6), F _ K(K""%H+Kc%C+Ks%S+Kn%N-K0 %0) 
Eq. 19-13 

12.1 Nomenclature d- GCV 
K {scf/lb}/% 

H 3.64 
Fd= 

1088tu [3.64 SCF % 
1.53 SCF 

% 
0.57 SCF 

1.53 MMBtu 
x ----x +----x +----x % + c lb'% lb"% !b"% 

8 0.57 

%} 
N, 0.14 0.14 SCF 

% 
0.46 SCF lb SCF 

o, 0.46 
----x -----x 

lb'% lb'% Btu MMBtu 

Note. Lack of s1gmficant figures may cause rounding errorn between aclual calculahons and example calculaUons. 
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EXAMPLE CALCULATIONS (INFORMATION) 

Specific Humidity (RHsp) Note: RHsp (gr/lb) calculated using temperature, relative humidity, and barometric pressure with 
psychrometric chart, psychrometric calculator, or built in psychrometric algorithm. 

RH ~(lb lib)~ [(gr)x _lb_l 
lb 7000gr 

gr I !b 
RHsp= ---- X ---- " 

lb 7000 gr 

Fuel Flow Conversion (Q,) Note: Qf(lb/min) is a value uptalned from the source operator. 

o, = ___ lb_ x 60 min x ___ tt_' x _.::lb:.:-m:::o::l-;;:- " 
min hr lb-mol lb 

Combustor Inlet Pressure I Compressor Discharge Pressure (CIP I COP) 

{corrected from gauge to atmospheric pres. and conv. to mm Hg.) 
Note: CIP I COP (psig) is a value obtained 
from the source operator. 

lb H20 

lbAir 

SCFH 

C!P I CDP = [(psig + P)x 51.71493 :mnHg l 
lps1 CIPICDP" ( psig + l X 

51.71493 mmHg 

1 psia 
mmHg (abs) 

Heat Rate (MMBtu/hr) 

HHVnRY xQf 
HR~ 

1,000,000 Heat Rate= 

Estimated Stack Gas Moisture Content (Bwsl 

ZxQ 
B.~(%) =--f-x!OO 

Q, 

Btu SCF MMBtu MMB!u 
--S""C"'F,:::::_ X ----;h::,---'=- X 106 Btu = ----;h::,--"=""-

SCF hr 
--"'h::,-'- X ---"'--8;:-C"'F"" X 100 = % 

Note lack of slgmlican\ligures may cause roundmg errors between actual calculallons and example calculatioriS 

EXAMPLE CALCULATIONS (CALIBRATION) 

Analyzer Calibration Error 

RM 7E, {08-15-06), 12.2 Analyzer Calibration Error. For non-dilution systems, use Equation 7E-1 to calculate the analyzer calibration error for the !ow-, 
mid-, and high-level calibration gases. {calc for analyzer mid gas, if applicable) 

Eq. 7E-1 ACE= 

Calfbratlon Error and Estimated Point, RM 25A, THC Analyzer 

__ ,lP:tP:::m'-C''-::-:-::---"p"p"-mc_ x 100 = 
ppm 

% 

RM 25A, (07-19-06), 8.4 Calibration Error Test. Immediately prior to the test series (within 2 hours of the start of the test), introduce zero gas and high
level calibration gas at the calibration valve assembly. Adjust the analyzer output to the appropriate levels, if necessary. Calculate the predicted 
response for the !ow-level and mid-level gases based on a linear response line between the zero and high-level response. Then Introduce low-level and 
mid-level calibration gases successively to the measurement system .... These differences must be less than 5 percent of the respective calibration gas 
value. (calc for THC analyzer mid gas, if applicable) 

C. -C 
El' - .---.E!'i.I!.L_ JJ;r(X) X c + c 

- cl'(ll) _ cl'(Z) mr(.lf) Dir(Z) 

Eq. 7E-1 

Eq. of a line 
y=mx+b 

Ep = 
ppm-

ppm-

ACETHc= 

Note. Lack of slgmficanlligures may cause rounding errors between actual calculations and example cafcula\10ns. 
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ppm 
X 

ppm 
ppm+ = ppm 

ppm- ppm 
X 100 = % 

ppm 



EXAMPLE CALCULATIONS (BIAS, DRIFT, AND CORRECTED RAW AVERAGE) 

System Bias 
RM 7E, (08-15-06), 12.3 System Bias. For non-dilution systems, use Equation 7E-2 to calculate the system bias separately for the low-level and 
upscale calibration gases. (calc for analyzer upscale gas, Run 1 initial bias, if applicable) 

Eq. 7E-2 SB = 

Drift Assessment 

__ _,P,P:::m,_-__ ---"P"-Pm:::__ x 100 = 
ppm 

% 

RM 7E, (08-15-06), 12.5 Drift Assessment. Use Equation 7E-4to separately calculate the low-level and upscale drift over each test run. {calc for 
analyzer upscale drift, Run 1, if applicable) 

Eq. 7E-4 D=l %- % I= % 

Alternative Drift and Bias 

RM 7E, (08-15-06), 13.2/13.3 System Bias and Drift. Alternatively, the results are acceptable if jCs- Cdirl iss 0.5 ppmv or if jCs- Cvl iss 0.5 ppmv 
(as applicable). (calc for analyzer initial upscale, Run 1, if applicable) 

Eq. Section 13.2 and 13.3 SB I DAit =I ppm- ppm I= ppm 

Bias Adjusted Average 

RM 7E, (08-15-06), 12.6 Effluent Gas Concentration. For each test run, calculate Cavg, the arithmetic average of all valid concentration values {e.g., 1-
minute averages). Then adjust the value of Cavg for bias, using Equation 7E-5. {calc for analyzer, Run 1, if applicable) 

EXAMPLE CALCULATIONS (BSFC) 

Using LHV with <4 (Biu/hp~hr) 

BSFC(Btul hp·lll') = Q1 

Btu Btu 
BSFC = -=i:"'- = -.....,--,--=-

hp*hr hp~hr 

Using LHV with Or (SCFH) 

BSFC (Btu I hp · hr) 
LHVxQ1 

bhp 

Eq. 7E-5 ppm-
ppm-

ppm 

Using HHV with Or {SCFH) 

HHV xQ1 BSFC(Btu/hp·hr) 
bhp 

BSFC = --=="Bt:::u_ x -----,-8:::C::F_ x --1-- = -----,---c._:B:::Iu:__ 
SCF hr hp hp*hr 

Using HHV with Or (Btu/hp*hr) 

Q xHHV 
BSFC(Btu I hp·hr) ==1=oo-

LHV 

ppm 

BSFC = Btu X SCF x--'-1-;:-::- = ----,=c:"c::'":__ N/A Btu 

hp*hr 

Btu scf Btu 
X -=-;:=-- X _...::::_=-· = ----,=::"":__ BSFC= 

SCF hr hp hp*hr 

EXAMPLE CALCULATIONS (Emissions based on Table 29 values) 

Emission Rate (lb/hr) 
Or (Btu/hp*hr)) E(/b / hr)"" E glhp-l•r X bhp 

453.6 

E (lb/hr) = 
9 lb 

--,h"p"'hc:r-"- ' -4-5-3-.6-9- x 

Emission Rate (g/hp-hr) 

lb 
hp = ---;::--"'

hr 

I I 453 .6 20.9% 
x--x--x--x 

SCF Btu hp~hr 

Or (Btu/hp*hr)) E (g I hp · hr) = CRA x Q 1 x FFactor xMW 
10 6 10 6 G 20 .9% - CRA o, 

lb 1 parts 1 MMBtu 
X ---u;:mQ'I X 106 ppm X 106 Btu 

Btu SCF 
E (9/hp-hr) = ppm x 

hp*hr 
X 

MMBtu 

-::::=~=--:::-· =- --,=-'9'--
hp*hr 

453.6 g lb-mo! 20.9% 
'----X X 

20.9%-lb '" % 

Note. lack of s1gmficant figures may cause roundmg errors between actual calculalions and example calculalions. 
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EXAMPLE CALCULATIONS (RUNS) 

Stack Exhaust Flow (Os) • RM19 

(
FFaclor xQ1 xHHV) ( 20.9% ) 

Qs = x o 
1,000,000 20.9Yo- CG.u(Ol) 

Os= 
SCF SCF Btu 

MMBtu 
X 

hr 
X 

SCF 

MMBtu t 20.90% l x----x SCFH 
106 Btu 20.9%- %J 

N02 Conversion Efficiency Correction 

RM 7E, (08-15-06), 12.8 N02- NO Conversion Efficiency Correction. If desired, calculate the total NOX concentration with a correction for converter 
efficiency using Equations 7E-8. (calc for non-bias corrected (raw) NOx gas, Run 1, if applicable) 

NQ· =NO+ NOx -NO xiOO 
.\ Corr E'« 

d.Jf,'02 

Eq. 7E-8 

Moisture Correction 

NOxeorr = ppm +---'p"p"m'---~--'p"'p"m'-
% 

X 100 = ppm 

RM 7E, (08-15-06), RM7E, (08-15-06), 12.10 Moisture Correction. Use Equation 7E-10 if your measurements need to be corrected to a dry basis. (calc 
for THC analyzer, Run 1, if applicable) Note: Calculations may not match as Run 1 results are typically also bias adjusted 

Eq. 7E-10 

Diluent-Corrected Polutant Concentration, 0 2 Based 

Co = -,---'P:.:P:;:m.:_:>m 
1-

ppmvd 

RM 20, (11-26-02), 7.3.1 Correction of Pollutant Concentration Using 02 Concentration. Calculate the 02 corrected pollutant concentration, as follows: 
(calc for gas, Run 1, if applicable) 

C -C x(20.9%-AdjFactor) 
adj - Gas(TaJtel) 20 go/(_ C 

• 0 Gm(02) 

( 20.9%- 'X J 
ppm x l--;2,;:oc;:.e,:;%'-------,o;;;.;,r Eq. 20-4 ppm@%0~ 

Diluent-Corrected Polutant Concentration, C02 Based 

RM 20, {11-26-02), 7.3.2 Correction of Pollutant Concentration Using C02 Concentration. Calculate the C02 corrected pollutant concentration, as 
follows: (calc for gas, Run 1, if applicable) 

Xnn 
cadj = Ccms(Targel) X _c __ _ 

G<L<(C02) 

% 
Eq. 20-5 ppm x 

% 

7.2 C02 Correction Factor. If pollutant concentrations are to be corrected to percent 0.! and C02 concentration is measured in lieu of 0.! concentration 
measurement, a C02 correction factor Is needed. Calculate the C~ correction factor as follows: 7.2.1 Calculate the fuel specific F0, as follows: 

Eq. 20-2 Fo = 
0.209 X 

7.2.2. Calculate the C02 correction factor for correcting measurement data to percent oxygen, as follows: 

SCF/MMB!u 

SCF/MMBtu 

X "" 20.9%- AdjFactor 
co2 Fo 

20.9%- % Xco, ~=-'-'-----"-- = Eq. 20-3 % 

Diluent-Corrected Polutant Concentration Corrected to ISO Conditions 
40CFR60.335{b)(1), Conversion for cone. at ISO Conditions (68QF, 1 aim). Calculate, as follows: {calc for@% with Run 1 data, if applicable) 

c,v = c,.1 x {If x e(oo>(Ho·xo~oom /}) x(~ )'" 
psig + 14.69232 psi ~ 

~=o[.~oi19~3~3~6~7~7~'~;t~m~mtl:H~. 
C1so = ppm@%0~ psig + psi X 

0.01933677 psi/mm Hg. 

(19x( lbllb-(}.00033)) 1.53 

xt 288~j = 2.718 ppm@% and ISO 

Note. Laclt: of SIQfllllcant llgures may cause roEJndmg errors between actual calculahor1s and example calculaUons. 
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EXAMPLE CALCULATIONS (RUNS) 

Emissions Rate (lb/hr) 

Calculation for pound per hour emission rate. Calculate, as follows: (calc for gas Run 1, if applicable) 

E - Cc,_, x Qs x MW 
Etblhr = 

ppm SCFHx lb/lb-mol lb 
X 1~> 11"" - 10 6 G 106 ppm/part SCF/Ib-mol hr 

Emissions Rate (ton/year) 

Calculation for tons per year emission rate based on 8760 hours per year. Calculate, as follows: (calc for gas Run 1, if app!fcable) 

E,billr x hr>""' 
Etonlyr= 

lb hr ton ton E - ---- X---- X----= r<>niJT - 2000 hr year 2000 !b year 

Emissions Rate (lb/MMBtu) 

RM 19, (07-19-06), 12.2 Emission Rates of PM, 802, and NOx. Select from the following sections the applicable procedure to compute the PM, 802, or 
NOx emission rate (E) in ng/J (lb/mi!!ion Btu). (calc for gas Run 1, if applicable) 

Oxygen Based 

12.2.1 Oxygen-Based F Factor, Dry Basis. When measurements are on a dry basis for both D.! (%02d) and pollutant (Cd) concentrations, use the 

following equation: 

E _ CG"' x Fa Factor x Conv c x 20.9% 
Eq. 19-1 lbtM>mw -

20.9%- CGr«(02) 

ElblMMBtu = 
ppmx SCF/MMBtu x lb/ppm"ft3 x 20.9% lb 

20.9%- % MMBtu 

Carbon Dioxide Based 

12.2.4 Carbon Dioxide-Based F Factor, Dry Basis. When measurements are on a dry basis for both C~ (%C02d) and pollutant (Cd) concentrations, 

use the following equation: 

E _ Ccas x Fa Factor x Conv c x IOO% 
Eq.19-6 lb/M.\fflt<1 -

CGas(C02) 

Etb!MMBtu = 
ppmx SCF/MMBtu x lb/ppm*ft3 x 100% lb 

% - MMB!u 

Conversion Constant 

Convc for 

MW lb lb•mole lb 
Convc = lb•mole 

X 
SCF ppm-ft3 

Conv Jib I ppm ·fi')=_Q__ = 

lO' 10' 

Sulfur Dioxide Rate (lbfMMBtu), 40CFR60, App. A, RM 19, Eq. 19-25 {11120/03) 

SO,(lb/ MMBtu) = 0.97 xK x S(wt%) 
802 = 0.97 X 

2x104 Btu w!% lb 
- GCV X = 

wt%•MMBtu Btu/lb MMBtu 

Emissions Rate (gfhp-hr) 

CalcufaUon for grams per horsepower-hour. Calculate, as follows: (calc for gas Run 1, if applicable) 

E = Elb!IJr x453.6 orE/blhr x453.6 
g/hp-lor mwxl314.022 lip 

Eg/hp-hr= 
lb 453.6g 1 mw g ----x----x X = 

hr lb mw 1314.022 hp hp*hr 

Eglhp-hr= 
Jb 453.6 g 1 g 

--h-,-- X --,b-- X 
hp hp~hr 

Note. Lack of Significant figures may cause rounding errors between actual calculatiOns and example catculaUons. 
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EXAMPLE CALCULATIONS (FTIR SPIKE) 

Concentration to dilute by 90% (ppmvw) 

AVG ~ AVG, 
,, 2 

AVGd= 
ppmvw -2 

ppmvw 

Ideal matrix spike yield (ppmvw) 

Y. ~AVG x(ih_)+AVG x(l-ih_) 
,J,,/ d Q_,)'> r Q.>)'.< 

Yldeal = ppmvw xt 
lpm } ppmvwx ( 1-

lpm j" lpm lpm 
ppmvw 

Minimum matrix spike yield (ppmvw) Maximum matrix spike yield (ppmvw) 

Ymin = Yi</ • .,/ X 0,7 Y"",~ = Y,d.,.,/ X 1.3 

Yideat= ppmvw x 0.7 = ppmvw Yideal= ppmvwx 1.3= ppmvw 

cua caculatio sa de a Note. Lack of srgnrficant figures may cause roundrng errors between a t I ! n n x mp!e ca!cu!atrons. 
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RM 7E, (08·15·06), 12.1 Nomenclature. The terms used in the equations are defined as follows: 

ACE "'Analyzer calibration error, percent of calibration span. 

Bws =Moisture content of sample gas as measured by Method 4 or other approved method, percentf100. 

CA..,.= Average unadjusted gas concentration indicated by data recorder for the test run. 

C0 = Pollutant concentration adjusted to dry conditions. 

Cp,, = Measured concentration of a calibration gas (low, mid, or high) when introduced in ~calibration mode. 

CGas =Average affluent gas concentration adjusted for bias. 

CM =Average of inllial and final system calibration bias (or 2-point system calibration error) check responses for the upscale calibration gas. 

c~IA =Actual concentration of the upscale calibration gas, ppmv. 

C0 =Average of the initial and final system calibration bias (or 2-point system calibration error) check resoonses from the low.tevel (or zero) calibration gas. 

C5 = Measured concentration of a calibration gas (low, mid, or high) when introduced in system calibration mode. 

Css =Concentration of NOx measured in the spiked sam pia. 

Csp."t.e"' Concentralion of NOx in the undiluted spike gas. 

Cc.l< =Calculated concentration of NOx in the spike gas diluted in the sample. 

Cv = Manufacturer certified concentration of a calibration gas (low, mid, or high). 

Cw = Pollutant concentration measured under moist sample conditions, wet basis. 

CS"' Calibration span. 

D =Drift assessment, percent of calibration span. 

EP =The predicted response for the low-level and mid-level gases based on a linear response line between tha zero and high-level response. 

EffN02 "" N02 to NO converter efficiency, percent. 

H =High calibration gas, designator. 

L =Low calibration gas, designator. 

M = Mid calibration gas, designator. 

NO Final "'The average NO concentration observed with tha analyzer in the NO mode during the converter efficiency test in Sedon 16.2.2. 

NOxCorr =The NOx concentration corrected for the converter efficiency. 

NOxFinal = Tha final NOx concentration observed dL!ring the converter efficiency test in Section 16.2.2. 

NOxPeak =The highest NOx concentration observed during the converter efficiency test in Section 16.2.2. 

Ospb = Flow rata of spike gas introduced in system calibration mode, Umin. 

Orotol =Total sample flow rate during the spike lest, Umin. 

R =Spike recovery, percent. 

SB =System bias, percent of callbration span. 
SB1 = Pre-run system bias, percent of calibration span. 

SB1 = Post-run system bias, percent of calibration span. 

SB I DAI! =Alternative absolute difference criteria to pass bias and{or drift checks. 

seE =System calibration error, percent of calibration span. 

SCE1 = Pre-run system calibration error, percent of calibration span. 

SC~.,1 = Post-run system calibration error, percent of calibration span. 

Z =Zero calibration gas, designator. 

40CFR60.355(b)(1), (09·20·06), Nomenclature. The terms used In the equations are defined as follows: 

P,"' reference combustor inlet absolute pressure at 101.3 kilopascals ambient pressure, mm Hg 

P0 "' observed combustor inlet absolute press Lire at test, mm Hg 

H0 =observed humidity of ambient air, g H 20/g air 

e =transcendental constant, 2.718 
T. =ambient temperature, K 

Small Engine and FTIR Nomenclatura. The terms used in the equations are defined as follows: 

bhp =brake horsepower 

hp = horsepower 

a,~"= system flow (tpm) 

a.,= matrix spike flow (lpm) 

Comp&RATA&Eng-AHI v1.3 



RM 19, (07-29-06), 12.1 Nomenclature. The terms used in the equations are defined as follows: 

AdjFactor = percer1t oxygen or carbon dioxide adjustment applied to a target poll!ant 

B~~ = Moisture fraction of ambient air, percent. 

Btu = British thermal unit 

%c = Concentration of carbon from an ultimate analysis of fuel, weight percent. 

%cold• %co2« =Concentration of carbon dioxide on a dry and wet basis, respectively, percent. 

CIP I COP= Combustor inlet pressure I compressor discharge pressure (mm Hg); note, some manufactures reference as PCD. 

E =Pollutant emission rata, ng/J (lblmillion Btu). 

E, =Average pollutant rata for the specified performance test period, ng/J (lblmi!lion Btu). 

E • .,. E,. =Average pollutant rata of the control device, outlet and inlet, respectively, for the performance test period, ngiJ (lb/million Btu). 

Ebl = Pollutant rate from the steam genera ling unit, ng/J (lbfmillion Btu). 

Ero = Pollutant emission rate from the steam generating unit, ng/J (ib/million Btu). 

Ed= Pollutant rate in combined effluent, ng/J (lb/mlllion Btu). 

E00 = Pollutant emission rate in combined elnuent, ngfJ (lb/million Btu). 

Ed= Average pollutant rate for each sampling period (e.g.,24-hr Method 6B sample or 24-hr fuel sample) or for each fuel lot (e.g., amount of fuel bunkered}, ng/J (lb/million Btu). 

Ed1 =Average inlet S02 rate for each sampling period d, ngfJ (lb/million Btu). 

Eg = Pollutant rate from gas turbine, ng/J (lb/million Btu). 

Eg. = Daily geomebic average pollutant rate, ng/J (lbs/million Btu) or ppm corrected to 7 percent 0 2• 

~o-Eii = Matched pair hourly arithmetic average pollutant rate, outlet and inlet, respectively, ng/J {lb/million Btu) or ppm corrected to 7 percent 0 2• 

Eh = Hourly average pollutant, ng/J (lb/mill!on Btu). 

E~1 = Hourly arithmetic average pollutant rate for hour "j," ng/J (lbfmillion Btu) or ppm corrected to 7 percent 0 2. 

EXP =Natural logarithmic base (2.718) raised to the value enclosed by brackets. 

Fe= Ratio of the volume of carbon dioxide produced to the gross calorific value of the fuel from Method 19 

Fd, Fw, F0 =Volumes of combustion components per unit of heat content, scm/J (scffmillion Btu). 

ft3 =cubic feet 

G =ideal gas conversion factor 

(385.23 SCF!lb-mol a\68 deg F & 14.696 psia} 

GCM =gross Btu per SCF {constant, compound based) 

GCV"' Gross calorific value of the fuel consistent with the ultimate analysis, kJ/llg {Btu/lb). 

GCVP, GCV, = Gross calorific value for the product and raw fuel lots, respectively, dry basis, kJ/llg (Btullb). 

%H "' Concentration of hydrogen from an ultimate analysis of fuel, weight percent. 

Hb = Heat input rate to the steam generating unit from fuels fired in the steam genera!ing unit, J/hr {million Blu/hr). 

H~ "' Heat input rate to gas turbine from all fuels fired in the gas turbine, Jlhr (million Btu/hr). 

%1120 "' Concentration of water from an ultimate analysis of fuel, weight percent. 

H, =Total numbers of hours in the performance test period (e.g., 720 hours for 30·day performance test period). 

K"' volume of combustion component per pound of component {constant) 

K =Conversion factor, 10-; (kJ/J)/(%) [106 Btu/million Btu]. 

K, = (9.57 scmlkg)J% [(1.53 scf/lb)/%J. 

Km = (2.0 scmfllg)/% [(0.321 scfllb)/%]. 

K~od = (22.7 scm/kg)/% [(3.64 scfllb)/%]. 

l<rrN"' (34.74 scm/kg)/% [{5.57 scf/lb}/%]. 

K, = (0.86 scm/kg)/% [(0.14 scf!lb)/%]. 

K, = (2.85 scm/kg)/% [{0.46 scfllb)/%j. 

K, = (3.54 scm/kg)/% [(0.57 scf/lb)l%). 

Ksut'ur"' 2x104 Btu/wt%-MMBtu 
!<,. = (1.30 scm/kg}f'k [(0.21 scf!lb)/%]. 

lb =pound 

In = Natural log of indicated value. 

lp.lr =Weight of the product and raw fuel lots, respectively, metric ton {ion). 

%r~ = Concentration of nitrogen from an ultimate analysis of fuel, weight percent. 

My,"' mole percent 

mol= mole 

MW = molecular weight (lb/lb-mol) 

MWAIR =molecular weight of air ( 28.9625 lb/lb-mole) 1 

NCM "' net Btu per SCF (constant based on compound) 

%0 = Concentration of oxygen from an ultimate analysis of fuel, weight percent. 

%02tJ, %02.-< =Concentration of oxygen on a dry and wet basis, respectively, percent. 

PB = barometlrc pressure, in Hg 

P, = Potential S02 emissions, percent. 

%s "' Sulfur content of as-fired fuel lot, dry basis, weight percent. 

Se =Standard deviation of the hourly average pollutant rates for each performance test period, ng/J (lblmillion Btu). 

%s1 = Concenlfalfon of sulfur from an ull!mate analysts of fuel, weight percent. 

S(wt%) =weight percent of sulfur, per lab analysis by appropriate ASTM standard 

S1 = Standard deviation of the hourly average inlet pollutant rates for each performance test period, ng/J (lblmillion Btu). 

S0 =Standard deviation of the hourly average emission rates for each performance test period, ng/J (lb/million Btu). 

%SP, %S, =Sulfur content of the product and raw fuel lots respectively, dry basis, weight percent. 

SCF =standard cubic feet 

SH =specific humidity, pounds of water per pound of air 

{o 95 =Values shown in Table 19-3 for the indicated number of data points n. 

lamb= ambient temperature, aF 

WID Factor= 1.0236 = conv. at14.696 psia and 

68 deg F (ref. Civil Eng. Ref. Manual, 7th Ed.) 

Xco2=C02 Correction factor, percent. 

X,= Fraction of tote! heel input from each type of fuel k. 
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Calculations, Formulas, and Constants 
The following information supports the spreadsheets for this testing project. 

Given Data: 
Ideal Gas Conversion Factor= 385.23 SCF/Ib-mol at 68 deg F & 14.696 psia 

Fuel Heating Value is based upon Air Hygiene's fuel gas calculation sheet. All calculations are based upon a correction to 68 deg F & 14.696 psia 

High Heating Values (HHV) are used for the Fuel Healing Value, F-Factor, and Fuel Flow Data per EPA requirements. 

ASTM D 3588 
Molecular Weight of NOx (lb/lb-mole) = 46.01 

Molecular Weight of CO (!bflb-mole) = 28.00 

Molecular Weight of 802 (lb/lb-mole) = 64.00 

Molecular Weight of THC (propane) (lb/lb-mo!e) = 44.00 

Molecular Weight ofVOC (methane) (lb/!b-mole) = 16.00 

Molecular Weight of NH3 (lbflb-mole) "' 17.03 

Molecular Weight of HCHO (!bl!b-mole) "' 30.03 

Formulas: 
1. Corrected Raw Average (CGas), 40CFR60, App. A, RM 7E, Eq. 7E-5 (08115!06) 

Cc",~(c",,-C 0 )x( Cu, ) 
Cu -Co 

2. Correction to% 0 2 , 40CFR60, App. A, RM 20, Eq. 20-5 (11126102) 

C _ C x [20.9%- Ad} Factor ) 
adj - Gas(Targel) 20 90, _ C 

' 10 Gm·(02) 

3. Emission Rate in lblhr 

Ca~ Q, xMW 
=--X 

10 6 G 

RATA SHEET CALCULATIONS 
d - Reference Method Data - GEMS Data 

Sd = Standard Deviation 

CC = Confident Coefficient 

n = number of runs 

t0.025 = 2.5 percent confidence coefficent T-values 

RA = relative accuracy 

ARA = alternative relative accuracy 

BAF = Bias adjustment factor 

1. Difference 

2. Standard Deviation 

n-1 

3. Confident Coefficient 

Cc s" 
=toms x ,

vn 
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n 
2 
3 
4 
5 
6 

12.706 
4.303 
3.182 
2.776 
2.571 

40CFR60, App. A., RM 19, Table 19·1 
Conversion Constant for NOx = 0.0000001194351 

Conversion Constant for co = 0.0000000726839 

Conversion Constant for S02 = 0.0000001661345 

Conversion Constant for THC = 0.0000001142175 

Conversion Constant for VOC (methane) = 0.0000000415336 

Conversion Constant for NH 3 = 0.0000000442074 

Conversion Constant for HCHO = 0.0000000779534 

NOTE: units are lb/ppm*ft3 

4. Emission Concentratlon in !b/MMBtu (0 2 based) 

C 0"' x FdFactor x Convc x 20.9% 

20.9%- CGas(02) 
Elb/Mli/8111 = 

5. Emission Concentration in lb/MMBtu (CO 2 based) 

E _ C 0 ,13 xFdFactor xConvc x100% 
lb I MMDIII - c 

n 
7 
8 
9 
10 
11 

Gas(C02) 

t n t 
2.447 12 2.201 
2.365 13 2.179 
2.306 14 2.160 
2.262 15 2.145 
2.228 16 2.131 

4. Relative Accuracy 

RA ~ ld AVG I+ ICC I X 100 
RM AVG 

5. Alternative Relative Accuracy 

ARA 
ld AVG I+ ICC I '-"=--'----' X 100 

AS 

5. Bias Adjustment Factor 

BAF ~ 1+( ldAval J 
CEM AVG 
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AIR HYiiiENE 

Corporate Headquarters: 
1600 West Tacoma Street 
Broken Arrow, OK 74012 

(918) 307-8865 
(888) 461-8778 

- allow us on Twitter @AirHygiene 

AIR HYiiiENE, INL 

WWW.AIRHYGIENE.COM 

Remote Office Locations: 
Las Vegas, NV 89156 
Ft. Worth, TX 76028 
Humble, TX 77338 
Shreveport, LA 71115 
Philadelphia, PA 19136 
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Clmarex Energy Co. 
202 S. Cheyenne Ave. Suite 1000 
Tulsa, Oklahoma 74103-3001 
MAIN 918.585.1100 
FAX 918.585.1133 

Certified Mail (7013 3020 0001 1498 8056) 

Aptil18, 2014 

Lorinda Gardner, Director 
TCEQ Region 7 
Texas Commission on Environmental Quality 
9900 W. IH-20, Ste. 100 
Midland, TX 79706 

l 

~,.·~·
'AiriToxics & lflSpeeiiQn 

Coordinatton Bmi:let'l: 
6EN-A \·.', 

Re: 30-day Advance Notification of Intent to Conduct Performance Test 
Reeves and Ward Counties, Texas 
Cimarex Energy Co: Livingston 2-12 1H, NaiTow 6-21 2H, Sluice Box 4-2 lH, Big Sky 55-16 1H, 
Pitzer Johnson State Unit 1H 
TCEQ CN601706302 
TCEQ RN106864671 (NatTow), 106874704 (Sluice), 106871064 (Big Sky), 106873847 (Pitzer) 

Dear Ms. Gardner: 

Pursuant to 40 CFR §60.8(d), Cimarex Energy Co. (Cimarex) is hereby providing 30-day advance 
notification of intent to conduct a performance test to afford the agency an opportunity to have an observer 
present. Cimarex proposes to conduct performance tests on or about the week of May 19, 2014. 

Cimarex proposes to conduct performance tests on six ( 6) compressor engines located at the oil and gas 
production facilities referenced above. The performance tests will be conducted in accordance with the 
requirements of 40 CFR 60 Subpart JJJJ. Enclosed, please find the testing protocols for these engines. 

Should you or members of your staffhave any questions or require additional information, please contact me 
at (918) 560-7073 or via email at aaraiza@cimarex.com. 

Sincerely, 
Cimarex Energy Co. 

;4-J.~ 4..-t 
Adrian Araiza 
Manager - Air Quality/Compliance 

Enclosures (5) - 40 CFR 60 Subpart JJJJ Sampling Plans 



Ms. Lorinda Gardner - TCEQ Region 7 
Stack Test Notification 4-18-14 
Page 2 of2 

cc: Director, Air, Pesticides and Toxics, EPA Region 6 
Certified Mail (7013 3020 00011498 8063) 

Kelly Gayneaux, Kermit Production Manager, Cimarex Energy Co., Midland, TX 

Nick Koch, Kermit Production Superintendent, Cimarex Energy Co., Midland, TX 

Air Quality Library File: AQ-07-01 (PBTX Testing Notification) 

1:\AIR QUALITY\Engines\1. Pennian\Kermit\Ward County\Pitzer Johnson State Unit lH\Kermit 30-Day NOI 4-18-14.doc 
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1.0 INTRODUCTION 
The purpose of this test plan is to document the test methods and procedures that will be 

employed to collect and analyze exhaust gas emissions during performance testing of 
reciprocating internal combustion engines fueled by natural gas. The test will be conducted by: 

2.0 TEST INFORMATION 

Great Plains Analytical Services 
303 West 3"' Street 

Elk City, OK 73644 
Contact: Tyson Milner 

(580) 225-0403 

This plan was developed for the following reciprocating internal combustion engine (source) at 
the following location: 

Livingston 2-12 IH 
Make: Caterpillar 
Model: 3306 NA 
SN: R6SOI461 

HP: 145 
Manufacture Date: 10/1113 

Location: Reeves County, Texas 

The test will be conducted using a multi component gas analyzer that incorporates a Fourier 
Transform Infrared (FTIR) spectrometer. FTIR is the state of the art technology. It is designed to 
military specifications and allows simple calibration using only single component calibration gases. 

Exhaust emission gas concentrations will be collected and analyzed following the Enviromnental 
Protection Agency (EPA) Method lA, Method 2, Method 2A, Method 3A and ASTM D6348-12. 

Information provided in Figures I and 2 consists of background data collected from the FTIR 
during initial bench scale testing from a natural gas fired internal combustion engine. This is provided to 
demonstrate the FTIR's analytical and quality assurance capabilities. 

Method Synopsis 

ASTM D6348-12 
This extractive FTIR based field test method is used to quantify gas phase concentrations of 

multiple target analytes from stationary source effluent. Because an FTIR analyzer is potentially capable 
of analyzing hundreds of compounds, this test method is not analyte or source specific. The analytes, 
detection levels, and data quality objectives are expected to change for any particular testing situation. It 
is the responsibility of the tester to define the target analytes, the associated detection limits for those 

analytes in the particular source effluent, and the required data quality objectives for each specific test 
program. Provisions are included in this test method that require the tester to determine critical 
sampling system and instrument operational parameters, and for the conduct of QA/QC procedures. 

Testers following this test method will generate data that will allow an independent observer to verify 
the valid collection, identification, and quantification of the subject target analytes. 



EPA Method lA 

The purpose of the method is to provide guidance for the selection of sampling ports and traverse 

points at which sampling for air pollutants will be performed pursuant to regulations set forth in this part. 

EPAMethod2 

This method is applicable for the determination of the average velocity and the volumetric flow 

rate of a gas stream. 

Method3A 

This is a procedure for measuring oxygen (02) and carbon dioxide (C02) in stationary source 

emissions using a continuous instrumental analyzer. Quality assurance and quality control requirements 

are included to assure that the tester collects data of known quality. Documentation to these specific 

requirements for equipment, supplies, sample collection and analysis, calculations, and data analysis will 

be included. 

3.0 EMISSION POINT INFORMATION 

Target Analytes 
Exhaust emission testing will be conducted for the following compounds: carbon monoxide 

(CO), oxides of nitrogen (NOx), Volatile organic compounds (VOCs) and Oxygen (02%). 
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Test Quality Objectives 
Figure I summarizes the test quality objectives specific that will be used to evaluate test data to a 

known degree of accuracy. 

Compounds Infrared Analysis Expected Measurement System Required 
Region Concentration Range Achievable Minimum Measurement System 
(em·') Detectable Accuracy and 

Concentrations Precision for Test 
Application 

Target Analytes 

co 200-2200 0-1200 ppm 0.14 ppm 4ppm 
NOx 1875-2138 0-300 ppm 0.20ppm 2ppm 
voc 2700-2950 0-200 ppm 0.03 ppm 2ppm 

Interfering 
Comoounds 

co, 870-1150 0-15% 0% n/a 
Water Vapor 3200-3401 0-25% 0.2% n/a 

Ftgure 1 Test Spectfic Target Analytes and Data Quahty Objectives 

Measured flue gas conditions at the sampling location including temperature, moisture content, and 
volumetric flow rate will be included in test results. 

4.0 QUALITY CONTROL INFORMATION 

4.1 Pre-Test Procedures 

Pre-test procedures will be conducted prior to FTIR emission testing. Calibration sheets, 
calibration gases and any other test equipment will be made available prior to the start of testing. Upon 
completion of the assembled sampling system, a leak check will be conducted under pressure or partial 
vacuum conditions to ensure the integrity of the sample collection system. 

Additional pre-test procedures will include: 
• The introduction of nitrogen in order to collect the FTIR background; 
• The acquisition of background spectrum; 
• A system zero test will be conducted by directing nitrogen through the entire 

sampling system. The presence of a large amount of C02 and H20 infrared 
spectral bands is indicative of system leakage; 

• Determination of sample cell absorption path length by directing calibration 
transfer standard (CTS) gas directly through the absorption cell and acquiring its 
absorbance spectrum; 

• A system mechanical response time test will be conducted by directing ethylene 
(CTS) through the entire system. The time required to reach 95% full scale 
reading of the CTS will be recorded; 

• A system equilibration response time test will be conducted by introducing 
nitrogen through the entire sampling system; 

• A system recovery check will be conducted by introducing a spike 
(acetaldehyde). The spike gas will be blended with sulfur hexafluoride (SF6) at 

• A known concentration to allow accurate quantification of the exact dilution 
factor and determination of sample recovery; 

3 



• A second system zero test will be conducted by directing nitrogen through the 
entire sampling system. Data will be recorded continuously until 95% of 
downscale reading is met. The time for the system to reach zero after exposure 
to the analyte will be recorded; and 

• We will level and zero the incline manometer prior to each set of sample 
collections. 

4 



Data generated during the bench scale pre-test procedures will be presented in Figure 2 (please see section 
3.0). Please note that Figure 2 will be presented in the fmal report with data collected from the actual 
field-testing source. 

Parameter Gas Concentration Path Equilibration Dilution % 
Measured Len2th Time Factor Recovery 

Path Length Ethylene 101.2 4.93 
Mechanical Ethylene 101.2 42 
Response 

Time 
System Acetaldehyde 101.9 37 

Response 
Time 

Analyte Acetaldehyde 101.9 50 10 92 
Spike 

Recoverv 
-~y_~tem Zero Nitrogen 65 ... F1gure 2 Measurement System Capab1httes 

5.0 TEST RUNS AND DURATION 
The FTIR integration time is capable of achieving 95% full scale reading (mechanical response 

time) quicker than most technology used today. Because of this unique feature, along with the pre-test 
protocols (listed in section 5.0), the unit becomes stabilized in approximately 15-20 minutes. A Great 
Plains Analytical Services JJJJ technician will collect three separate I -hour test runs. The final reported 
analyte concentrations will be the average of each I -hour test run. Quality control and quality assurance 
will be conducted prior to, during, and post testing to demonstrate the instrument's integrity and to ensure 
test result accuracy. 

6.0 POST-TEST QUALITY ASSURANCE 

Post test quality assurance will verify that the line positions have not shifted by more than I 5% of 
the resolution, and the resolution has not changed by more than 15% of that determined before testing. 

7.0 ADDITIONAL INFORMATION AND REPORTING 
Additional parameters and atmospheric information will also be provided in the final report and 

will include: 

• Barometric pressure, ambient temperahire and volumetric flow; 
• The percent moishire. 

5 



The fmal report will contain all field test data including all pre and post calibration information. 
Final concentrations will be reported in glhp-hr, lbs/hr and tons/year. The report will also contain a 
description of the source process and airflow schematic, along with a schematic of the sampling system. 
Figure 3 represents a typical source and is included for illustrative purposes only. 

8.0 HEALTH AND SAFETY CONCERNS 

In accordance with 40 CFR Part 60.8, the client must provide safe access to the unit for testing 
and observance. Due to the nature of the source and the exposure to high temperatures, extreme caution 
will be observed in order to avoid contact with the unit which may result in burns and or inhalation of 
exhaust emissions. 

Due to the remote location of the source unit, additional health & safety precautions will be 
observed such as avoidance of slips, trips, falls, and heat exhaustion. 

9.0 PROCESS FLOW DIAGRAM 

Jt· . 

...,., _. I I"- ie ,_,., wn • •--role Q4 -·~ ' Cl l ,.._. 
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1.0 INTRODUCTION 
The purpose of this test plan is to document the test methods and procedures that will be 

employed to collect and analyze exhaust gas emissions during performance testing of 
reciprocating internal combustion engines fueled by natural gas. The test will be conducted by: 

2.0 TEST INFORMATION 

Great Plains Analytical Services 
303 West 3'd Street 

Elk City, OK 73644 
Contact: Tyson Milner 

(580) 225-0403 

This plan was developed for the following reciprocating internal combustion engine (source) at 
the following location: 

Narrow 6-21 2H 
Make: Caterpillar 
Model: 3306 NAB 

SN: R6S02211 
HP: 145 

Manufacture Date: 2/19/14 

Location: Reeves County, Texas 

The test will be conducted using a multi component gas analyzer that incorporates a Fourier 
Transform Infrared (FTIR) spectrometer. FTIR is the state of the art technology. It is designed to 
military specifications and allows simple calibration using only single component calibration gases. 

Exhaust emission gas concentrations will be collected and analyzed following the Environmental 
Protection Agency (EPA) Method lA, Method 2, Method 2A, Method 3A and ASTM D6348-12. 

Information provided in Figures I and 2 consists of background data collected from the FTIR 
during initial bench scale testing from a natural gas fired internal combustion engine. This is provided to 
demonstrate the FTIR's analytical and quality assurance capabilities. 

Method Synopsis 

ASTM D6348-12 
This extractive FTIR based field test method is used to quantify gas phase concentrations of 

multiple target analytes from stationary source effluent. Because an FTIR analyzer is potentially capable 

of analyzing hundreds of compounds, this test method is not analyte or source specific. The analytes, 
detection levels, and data quality objectives are expected to change for any particular testing situation. It 
is the responsibility of the tester to define the target analytes, the associated detection limits for those 
analytes in the particular source effluent, and the required data quality objectives for each specific test 

program. Provisions are included in this test method that require the tester to determine critical 
sampling system and instrument operational parameters, and for the conduct of QA/QC procedures. 
Testers following this test method will generate data that will allow an independent observer to verify 

the valid collection, identification, and quantification of the subject target analytes. 



EPA Method lA 

The purpose of the method is to provide guidance for the selection of sampling ports and traverse 

points at which sampling for air pollutants will be performed pursuant to regulations set forth in this part. 

EPAMethod2 

This method is applicable for the determination ofthe average velocity and the volumetric flow 
rate of a gas stream. 

Method3A 

This is a procedure for measuring oxygen (02) and carbon dioxide (C02) in stationary source 
emissions using a continuous instrumental analyzer. Quality assurance and quality control requirements 
are included to assure that the tester collects data of known quality. Documentation to these specific 
requirements for equipment, supplies, sample collection and analysis, calculations, and data analysis will 
be included. 

3.0 EMISSION POINT INFORMATION 

Target Analytes 
Exhaust emission testing will be conducted for the following compounds: carbon monoxide 

(CO), oxides of nitrogen (NOx), Volatile organic compounds (VOCs) and Oxygen (02%). 

2 



Test Quality Objectives 
Figure I summarizes the test quality objectives specific that will be used to evaluate test data to a 

known degree of accuracy. 

Compounds Infrared Analysis Expected Measurement System Required 
Region Concentration Range Achievable Minimum Measurement System 
(em·') Detectable Accuracy and 

Concentrations Precision for Test 
Application 

Target Analytes 

co 200-2200 0-1200 ppm 0.14 ppm 4ppm 
NOx 1875-2138 0-300 ppm 0.20ppm 2ppm 
voc 2700-2950 0-200 ppm 0.03 ppm 2ppm 

Interfering 
Compounds 

co, 870-1150 0-15% 0% n!a 
Water Vapor 3200-3401 0-25% 0.2% n!a 

Ftgure 1 Test Specrfic Target Analytes and Data Quality Objectives 

Measured flue gas conditions at the sampling location including temperature, moisture content, and 
volumetric flow rate will be included in test results. 

4-0 QUALITY CONTROL INFORMATION 

4-1 Pre-Test Procedures 

Pre-test procedures will be conducted prior to FTIR emission testing. Calibration sheets, 
calibration gases and any other test equipment will be made available prior to the start of testing. Upon 
completion of the assembled sampling system, a leak check will be conducted under pressure or partial 
vacuum conditions to ensure the integrity of the sample collection system. 

Additional pre-test procedures will include: 
• The introduction of nitrogen in order to collect the FTIR background; 
• The acquisition of background spectrum; 
• A system zero test will be conducted by directing nitrogen tluough the entire 

sampling system. The presence of a large amount of C02 and H20 infrared 
spectral bands is indicative of system leakage; 

• Determination of sample cell absorption path length by directing calibration 
transfer standard (CTS) gas directly tluough the absorption cell and acquiring its 
absorbance spectrum; 

• A system mechanical response time test will be conducted by directing ethylene 
(CTS) through the entire system. The time required to reach 95% full scale 
reading of the CTS will be recorded; 

• A system equilibration response time test will be conducted by introducing 
nitrogen through the entire sampling system; 

• A system recovery check will be conducted by introducing a spike 
(acetaldehyde). The spike gas will be blended with sulfur hexafluoride (SF6) at 

• A known concentration to allow accurate quantification of the exact dilution 
factor and determination of sample recovery; 
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• 

• 

A second system zero test will be conducted by directing nitrogen through the 
entire sampling system. Data will be recorded continuously until 95% of 
downscale reading is met. The time for the system to reach zero after exposure 
to the analyte will be recorded; and 
We will level and zero the incline manometer prior to each set of sample 
collections. 
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Data generated during the bench scale pre-test procedures will be presented in Figure 2 (please see section 
3.0). Please note that Figure 2 will be presented in the final report with data collected from the actual 
field-testing source. 

Parameter Gas Concentration Path Equilibration Dilution % 
Measured Length Time Factor Recovery 

Path Length Ethylene 101.2 4.93 
Mechanical Ethylene 101.2 42 
Response 

Time 
System Acetaldehyde 101.9 37 

Response 
Time 

Analyte Acetaldehyde 101.9 50 10 92 
Spike 

Recoverv 
System Zero Nitrogen 65 ... 

Ftgure 2 Measurement System Capabthttes 

5.0 TEST RUNS AND DURATION 
The FTIR integration time is capable of achieving 95% full scale reading (mechanical response 

time) quicker than most technology used today. Because of this unique feature, along with the pre-test 
protocols (listed in section 5.0), the unit becomes stabilized in approximately 15-20 minutes. A Great 
Plains Analytical Services JJJJ technician will collect three separate !-hour test runs. The final reported 
analyte concentrations will he the average of each !-hour test run. Quality control and quality assurance 
will be conducted prior to, during, and post testing to demonstrate the instrument's integrity and to ensure 
test result accuracy. 

6.0 POST-TEST QUALITY ASSURANCE 

Post test quality assurance will verifY that the line positions have not shifted by more than 15% of 
the resolution, and the resolution has not changed by more than 15% of that determined before testing. 

7.0 ADDITIONAL INFORMATION AND REPORTING 
Additional parameters and atmospheric information will also be provided in the final report and 

will include: 

• Barometric pressure, ambient temperature and volumetric flow; 
• The percent moisture. 

5 



The final report will contain all field test data including all pre and post calibration information. 
Final concentrations will be reported in g/hp-hr, lbs/hr and tons/year. The report will also contain a 
description of the source process and airflow schematic, along with a schematic of the sampling system. 
Figure 3 represents a typical source and is included for illustrative purposes only. 

8.0 HEALTH AND SAFETY CONCERNS 

In accordance with 40 CFR Part 60.8, the client must provide safe access to the unit for testing 
and observance. Due to the nature of the source and the exposure to high temperatures, extreme caution 
will be observed in order to avoid contact with the unit which may result in bums and or inhalation of 
exhaust emissions. 

Due to the remote location of the source unit, additional health & safety precautions will be 
observed such as avoidance of slips, trips, falls, and heat exhaustion. 

9.0 PROCESS FLOW DIAGRAM 
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1.0 INTRODUCTION 
The purpose of this test plan is to document the test methods and procedures that will be 

employed to collect and analyze exhaust gas emissions during performance testing of reciprocating 
internal combustion engines fueled by natural gas. The test will be conducted by: 

2.0 TEST INFORMATION 

Great Plains Analytical Services 
303 West 3'd Street 

Elk City, OK 73644 
Contact: Tyson Milner 

(580) 225-0403 

This plan was developed for the following reciprocating internal combustion engine (source) at 
the following location: 

Sluice Box 4-2 I H 
Make: Caterpillar 
Model: 3306 TAB 

SN: R6S01408 
HP: 205 

Manufacture Date: 9/24/13 

Sluice Box 4-2 lH 
Make: Caterpillar 
Model: 3306 TAB 

SN: R6S01851 
HP: 205 

Manufacture Date: 9/30/13 

Location: Reeves County, Texas 

The test will be conducted using a multi component gas analyzer that incorporates a Fourier 
Transform Infrared (FTIR) spectrometer. FTIR is the state of the art technology. It is designed to 
military specifications and allows simple calibration using only single component calibration gases. 

Exhaust emission gas concentrations will be collected and analyzed following the Environmental 
Protection Agency (EPA) Method IA, Method 2, Method 2A, Method 3A and ASTM D6348-12. 

Information provided in Figures 1 and 2 consists of background data collected from the FTIR 
during initial bench scale testing from a natural gas fired internal combustion engine. This is provided to 
demonstrate the FTIR's analytical and quality assurance capabilities. 



Method Synopsis 

ASTM D6348-12 
This extractive FTIR based field test method is used to quantity gas phase concentrations of multiple 

target analytes from stationary source effluent. Because an FTIR analyzer is potentially capable 
of analyzing hundreds of compounds, this test method is not analyte or source specific. The 
analytes, detection levels, and data quality objectives are expected to change for any particular 
testing situation. It is the responsibility of the tester to define the target analytes, the associated 
detection limits for those analytes in the particular source effluent, and the required data quality 
objectives for each specific test program. Provisions are included in this test method that require 
the tester to determine critical sampling system and instrument operational parameters, and for 
the conduct of QA/QC procedures. Testers following this test method will generate data that will 
allow an independent observer to verify the valid collection, identification, and quantification of 
the subject target analytes. 

EPA Method lA 

The purpose of the method is to provide guidance for the selection of sampling ports and traverse 
points at which sampling for air pollutants will be performed pursuant to regulations set forth in this part. 

EPAMethod2 

This method is applicable for the determination of the average velocity and the volumetric 
flow rate of a gas stream. 

Method 3A 

This is a procedure for measuring oxygen (02) and carbon dioxide (C02) in stationary source 
emissions using a continuous instrumental analyzer. Quality assurance and quality control requirements 
are included to assure that the tester collects data of known quality. Documentation to these specific 
requirements for equipment, supplies, sample collection and analysis, calculations, and data analysis will 
be included. 

3.0 EMISSION POINT INFORMATION 

Target Analytes 
Exhaust emission testing will be conducted for the following compounds: carbon monoxide 

(CO), oxides of nitrogen (NOx), Volatile organic compounds (VOCs) and Oxygen (02%). 
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Test Quality Objectives 
Figure 1 summarizes the test quality objectives specific that will be used to evaluate test data to a 

known degree of accuracy. 

Compounds Infrared Analysis Expected Measurement System Required 
Region Concentration Range Achievable Minimum Measurement System 
(cm"1

) Detectable Accuracy and 
Concentrations Precision for Test 

Application 

Target Analytes 

co 200-2200 0-1200 ppm 0.14ppm 4ppm 
NOx 1875-2138 0-300 ppm 0.20ppm 2ppm 
voc 2700-2950 0-200 ppm 0.03 ppm 2ppm 

Interfering 
Compounds 

co, 870-1150 0-15% 0% n/a 
Water Vapor 3200-3401 0-25% 0.2% n/a 

F1gure I Test Spec1fic Target Analytes and Data Quahty Objecttves 

Measured flue gas conditions at the sampling location including temperature, moisture content, and 
volumetric flow rate will be included in test results. 

4.0 QUALITY CONTROL INFORMATION 

4.1 Pre-Test Procedures 

Pre-test procedures will be conducted prior to FTIR emission testing. Calibration sheets, 
calibration gases and any other test equipment will be made available prior to the start oftesting. Upon 
completion of the assembled sampling system, a leak check will be conducted under pressure or partial 
vacuum conditions to ensure the integrity of the sample collection system. 

Additional pre-test procedures will include: 
• The introduction of nitrogen in order to collect the FTIR background; 
• The acquisition of background spectrum; 
• A system zero test will be conducted by directing nitrogen through the entire 

sampling system. The presence of a large amount of C02 and H20 infrared 
spectral bands is indicative of system leakage; 

• Determination of sample cell absorption path length by directing calibration 
transfer standard (CTS) gas directly through the absorption cell and acquiring its 
absorbance spectrum; 

• A system mechanical response time test will be conducted by directing ethylene 
(CTS) through the entire system. The time required to reach 95% full scale 
reading of the CTS will be recorded; 

• A system equilibration response time test will be conducted by introducing 
nitrogen through the entire sampling system; 

• A system recovery check will be conducted by introducing a spike 
(acetaldehyde). The spike gas will be blended with sulfur hexafluoride (SF6) at 

• A known concentration to allow accurate quantification ofthe exact dilution 
factor and determination of sample recovery; 
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o A second system zero test will be conducted by directing nitrogen through the 
entire sampling system. Data will be recorded continuously until 95% of 
downscale reading is met. The time for the system to reach zero after exposure 
to the analyte will be recorded; and 

o We will level and zero the incline manometer prior to each set of sample 
collections. 
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Data generated during the bench scale pre-test procedures will be presented in Figure 2 (please see section 
3.0). Please note that Figure 2 will be presented in the final report with data collected from the actual 
field-testing source. 

Parameter Gas Concentration Path Equilibration Dilution % 
Measured Leneth Time Factor Recovery 

Path Length Ethvlene 101.2 4.93 
Mechanical Ethylene 101.2 42 
Response 

Time 
System Acetaldehyde 101.9 37 

Response 
Time 

Analyte Acetaldehyde 101.9 50 10 92 
Spike 

Recovery 
System Zero Nitrogen 65 .. Ftgure 2 Measurement System CapabdttJes 

5,0 TEST RUNS AND DURATION 
The FTIR integration time is capable of achieving 95% full scale reading (mechanical response 

time) quicker than most technology used today. Because of this unique feature, along with the pre-test 
protocols (listed in section 5.0), the unit becomes stabilized in approximately 15-20 minutes. A Great 
Plains Analytical Services JJJJ technician will collect three separate !-hour test runs. The final reported 
analyte concentrations will be the average of each !-hour test run. Quality control and quality assurance 
will be conducted prior to, during, and post testing to demonstrate the instrument's integrity and to ensure 
test result accuracy. 

6.0 POST-TEST QUALITY ASSURANCE 

Post test quality assurance will verity that the line positions have not shifted by more than 15% of 
the resolution, and the resolution has not changed by more than 15% of that determined before testing. 

7.0 ADDITIONAL INFORMATION AND REPORTING 
Additional parameters and atmospheric information will also be provided in the final report and 

will include: 

• Barometric pressure, ambient temperature and volumetric flow; 
• The percent moisture. 
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The fmal report will contain all field test data including all pre and post calibration information. 
Final concentrations will be reported in glhp-hr, lbs/hr and tons/year. The report will also contain a 
description of the source process and airflow schematic, along with a schematic of the sampling system. 
Figure 3 represents a typical source and is included for illustrative purposes only. 

8.0 HEALTH AND SAFETY CONCERNS 

In accordance with 40 CFR Part 60.8, the client must provide safe access to the unit for testing 
and observance. Due to the nature of the source and the exposure to high temperatures, extreme caution 
will be observed in order to avoid contact with the unit which may result in bums and or inhalation of 
exhaust emissions. 

Due to the remote location of the source unit, additional health & safety precautions will be 
observed such as avoidance of slips, trips, falls, and heat exhaustion. 

9.0 PROCESS FLOW DIAGRAM 
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1.0 INTRODUCTION 
The purpose of this test plan is to document the test methods and procedures that will be 

employed to collect and analyze exhaust gas emissions during performance testing of 
reciprocating internal combustion engines fueled by natural gas. The test will be conducted by: 

Great Plains Analytical Services 
303 West 3'" Street 

Elk City, OK 73644 
Contact: Tyson Milner 

(580) 225-0403 

2.0 TEST INFORMATION 
This plan was developed for the following reciprocating internal combustion engine (source) at 

the following location: 

Big Sky 55-16 lH (Wolfcamp B,C & D) 
Make: Caterpillar 
Model: 3306 NA 
SN: G6X06997 

HP: 145 
Manufacture Date: 12/21110 

Location: Reeves County, Texas 

The test will be conducted using a multi component gas analyzer that incorporates a Fourier 
Transform Infrared (FTIR) spectrometer. FTIR is the state of the art technology. It is designed to 
military specifications and allows simple calibration using only single component calibration gases. 

Exhaust emission gas concentrations will be collected and analyzed following the Environmental 
Protection Agency (EPA) Method lA, Method 2, Method 2A, Method 3A and ASTM D6348-12. 

Information provided in Figures I and 2 consists of background data collected from the FTIR 
during initial bench scale testing from a natural gas fired internal combustion engine. This is provided to 
demonstrate the FTIR's analytical and quality assurance capabilities. 

Method Synopsis 

ASTM D6348-12 
This extractive FTIR based field test method is used to quantify gas phase concentrations of 

multiple target analytes from stationary source effluent. Because an FTIR analyzer is potentially capable 

of analyzing hundreds of compounds, this test method is not analyte or source specific. The analytes, 

detection levels, and data quality objectives are expected to change for any particular testing situation. It 

is the responsibility of the tester to define the target analytes, the associated detection limits for those 

analytes in the particular source effluent, and the required data quality objectives for each specific test 

program. Provisions are included in this test method that require the tester to determine critical 

sampling system and instrument operational parameters, and for the conduct of QA/QC procedures. 

Testers following this test method will generate data that will allow an independent observer to verify 

the valid collection, identification, and quantification of the subject target analytes. 



EPA Method lA 

The purpose of the method is to provide guidance for the selection of sampling ports and traverse 
points at which sampling for air pollutants will be performed pursuant to regulations set fortb in this part. 

EPAMethod2 

This method is applicable for the determination of the average velocity and the volumetric flow 
rate of a gas stream. 

Method3A 

This is a procedure for measuring oxygen (02) and carbon dioxide (C02) in stationary source 
emissions using a continuous instrumental analyzer. Quality assurance and quality control requirements 
are included to assure that the tester collects data of known quality. Documentation to these specific 
requirements for equipment, supplies, sample collection and analysis, calculations, and data analysis will 
be included. 

3.0 EMISSION POINT INFORMATION 

Target Analytes 
Exhaust emission testing will be conducted for the following compounds: carbon monoxide 

(CO), oxides of nitrogen (NOx), Volatile organic compounds (VOCs) and Oxygen (02%). 
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Test Quality Objectives 
Figure I summarizes the test quality objectives specific that will be used to evaluate test data to a 

known degree of accuracy. 

Compounds Infrared Analysis Expected Measurement System Required 
Region Concentration Range Achievable Minimum Measurement System 
(cm"1

) Detectable Accuracy and 
Concentrations Precision for Test 

Application 

Target Analytes 

co 200-2200 0-1200 ppm 0.14ppm 4ppm 
NOx 1875-2138 0-300 ppm 0.20ppm 2ppm 
voc 2700-2950 0-200 ppm O.Q3 ppm 2ppm 

Interfering 
Compounds 

co, 870-1150 0-15% 0% n/a 
Water Vapor 3200-3401 0-25% 0.2% n/a 

F1gure l Test Specific Target Analytes and Data Quahty Objectives 

Measured flue gas conditions at the sampling location including temperature, moisture content, and 
volumetric flow rate will be included in test results. 

4.0 QUALITY CONTROL INFORMATION 

4.1 Pre-Test Procedures 

Pre-test procedures will be conducted prior to FTIR emission testing. Calibration sheets, 
calibration gases and any other test equipment will be made available prior to the start of testing. Upon 
completion of the assembled sampling system, a leak check will be conducted under pressure or partial 
vacuum conditions to ensure the integrity of the sample collection system. 

Additional pre-test procedures will include: 
• The introduction of nitrogen in order to collect the FTIR background; 
• The acquisition of background spectrum; 
• A system zero test will be conducted by directing nitrogen through the entire 

sampling system. The presence of a large amount of C02 and H20 infrared 
spectral bands is indicative of system leakage; 

• Determination of sample cell absorption path length by directing calibration 
transfer standard (CTS) gas directly through the absorption cell and acquiring its 
absorbance spectrum; 

• A system mechanical response time test will be conducted by directing ethylene 
(CTS) through the entire system. The time required to reach 95% full scale 
reading of the CTS will be recorded; 

• A system equilibration response time test will be conducted by introducing 
nitrogen through the entire sampling system; 

• A system recovery check will be conducted by introducing a spike 
(acetaldehyde). The spike gas will be blended with sulfur hexafluoride (SF6) at 

• A known concentration to allow accurate quantification of the exact dilution 
factor and determination of sample recovery; 
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• A second system zero test will be conducted by directing nitrogen through the 
entire sampling system. Data will be recorded continuously until 95% of 
downscale reading is met. The time for the system to reach zero after exposure 
to the aoalyte will be recorded; and 

• We will level and zero the incline maoometer prior to each set of sample 
collections. 
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Data generated dnring the bench scale pre-test procedures will be presented in Figure 2 (please see section 
3.0). Please note that Figure 2 will be presented in the fmal report with data collected from the actual 
field-testing source. 

Parameter Gas Concentration Path Equilibration Dilution % 
Measured Lcnllth Time Factor Recoverv 

Path Length Ethylene 101.2 4.93 
Mechanical Ethylene 101.2 42 
Response 

Time 
System Acetaldehyde 101.9 37 

Response 
Time 

Analyte Acetaldehyde 101.9 50 lO 92 
Spike 

Recovery 
Svstem Zero Nitrol!en 65 ... 

Ftgure 2 Measurement System Capabdttles 

5.0 TEST RUNS AND DURATION 
The FTIR integration time is capable of achieving 95% full scale reading (mechanical response 

time) quicker than most technology used today. Because of this unique feature, along with the pre-test 
protocols (listed in section 5.0), the unit becomes stabilized in approximately 15-20 minutes. A Great 
Plains Analytical Services JJJJ technician will collect three separate !-hour test runs. The fmal reported 
analyte concentrations will be the average of each !-hour test run. Quality control and quality assurance 
will be conducted prior to, during, and post testing to demonstrate the instrument's integrity and to ensure 
test result accuracy. 

6.0 POST-TEST QUALITY ASSURANCE 

Post test quality assurance will verify that the line positions have not shifted by more than 15% of 
the resolution, and the resolution has not changed by more than 15% of that determined before testing. 

7.0 ADDITIONAL INFORMATION AND REPORTING 
Additional parameters and atmospheric information will also be provided in the final report and 

will include: 

• Barometric pressure, ambient temperature and volumetric flow; 
• The percent moisture. 
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The final report will contain all field test data including all pre and post calibration information. 
Final concentrations will be reported in g/hp-hr, lbs/hr and tons/year. The report will also contain a 
description of the source process and airflow schematic, along with a schematic of the sampling system. 
Figure 3 represents a typical source and is included for illustrative purposes only. 

8.0 HEALTH AND SAFETY CONCERNS 

In accordance with 40 CFR Part 60.8, the client must provide safe access to the unit for testing 
and observance. Due to the nature of the source and the exposure to high temperatures, extreme caution 
will be observed in order to avoid contact with the unit which may result in bums and or inhalation of 
exhaust emissions. 

Due to the remote location of the source unit, additional health & safety precautions will be 
observed such as avoidance of slips, trips, falls, and heat exhaustion. 

9.0 PROCESS FLOW DIAGRAM 
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1.0 INTRODUCTION 
The purpose of this test plan is to document the test methods and procedures that will be 

employed to collect and analyze exhaust gas emissions during performance testing of 
reciprocating internal combustion engines fueled by natural gas. The test will be conducted by: 

2.0 TEST INFORMATION 

Great Plains Analytical Services 
303 West 3"' Street 

Elk City, OK 73644 
Contact: Tyson Milner 

(580) 225-0403 

This plan was developed for the following reciprocating internal combustion engine (source) at 
the following location: 

Pitzer Johson State Unit I H 
Make: Caterpillar 
Model: 3306 TA 
SN: G6X07456 

HP: 203 
Manufacture Date: 7/15/20 II 

Location: Ward County, Texas 

The test will be conducted using a multi component gas analyzer that incorporates a Fourier 
Transform Infrared (FTIR) spectrometer. FTIR is the state of the art technology. It is designed to 
military specifications and allows simple calibration using only single component calibration gases. 

Exhaust emission gas concentrations will be collected and analyzed following the Environmental 
Protection Agency (EPA) Method lA, Method 2, Method 2A, Method 3A and ASTM D6348-12. 

Information provided in Figures I and 2 consists of background data collected from the FTIR 
during initial bench scale testing from a natural gas fired internal combustion engine. This is provided to 
demonstrate the FTIR's analytical and quality assurance capabilities. 

Method Synopsis 

ASTM 06348-12 
This extractive FTIR based field test method is used to quantify gas phase concentrations of 

multiple target analytes from stationary source effluent. Because an FTIR analyzer is potentially capable 
of analyzing hundreds of compounds, this test method is not analyte or source specific. The analytes, 
detection levels, and data quality objectives are expected to change for any particular testing situation. It 
is the responsibility of the tester to define the target analytes, the associated detection limits for those 

analytes in the particular source effluent, and the required data quality objectives for each specific test 
program. Provisions are included in this test method that require the tester to determine critical 

sampling system and instrument operational parameters, and for the conduct of QA/QC procedures. 
Testers following this test method will generate data that will allow an independent observer to verify 
the valid collection, identification, and quantification of the subject target analytes. 



EPA Method lA 

The purpose of the method is to provide guidance for the selection of sampling ports and traverse 
points at which sampling for air pollutants will be performed pursuant to regulations set forth in this part. 

EPAMethod2 

This method is applicable for the determination of the average velocity and the volumetric flow 
rate of a gas stream. 

Method3A 

This is a procedure for measuring oxygen (02) and carbon dioxide (C02) in stationary source 
emissions using a continuous instrumental analyzer. Quality assurance and quality control requirements 
are included to assure that the tester collects data of known quality. Documentation to these specific 
requirements for equipment, supplies, sample collection and analysis, calculations, and data analysis will 
be included. 

3.0 EMISSION POINT INFORMATION 

Target Analytes 
Exhaust emission testing will be conducted for the following compounds: carbon monoxide 

(CO), oxides of nitrogen (NOx), Volatile organic compounds (VOCs) and Oxygen (02%). 
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Test Quality Objectives 
Figure I summarizes the test quality objectives specific that will be used to evaluate test data to a 

known degree of accuracy. 

Compounds Infrared Analysis Expected Measurement System Required 
Region Concentration Range Achievable Minimum Measurement System 
(cm"1

) Detectable Accuracy and 
Concentrations Precision for Test 

Application 

Target Analytes 

co 200-2200 0-1200 ppm 0.14 ppm 4ppm 
NOx 1875-2138 0-300 ppm 0.20ppm 2ppm 
voc 2700-2950 0-200 ppm O.D3 ppm 2 ppm 

Interfering 
Compounds 

co, 870-1150 0-15% 0% n/a 
Water Vapor 3200-3401 0-25% 0.2% n/a 

F1gure I Test Specific Target Analytes and Data Quahty Objecttves 

Measured flue gas conditions at the sampling location including temperature, moisture content, and 
volumetric flow rate will be included in test results. 

4.0 QUALITY CONTROL INFORMATION 

4.1 Pre-Test Procedures 

Pre-test procedures will be conducted prior to FTIR emission testing. Calibration sheets, 
calibration gases and any other test equipment will be made available prior to the start of testing. Upon 
completion of the assembled sampling system, a leak check will be conducted under pressure or partial 
vacuum conditions to ensure the integrity of the sample collection system. 

Additional pre-test procedures will include: 
• The introduction of nitrogen in order to collect the FTIR background; 
• The acquisition of background spectrum; 
• A system zero test will be conducted by directing nitrogen through the entire 

sampling system. The presence of a large amount of C02 and H20 infrared 
spectral bands is indicative of system leakage; 

• Determination of sample cell absorption path length by directing calibration 
transfer standard (CTS) gas directly through the absorption cell and acquiring its 
absorbance spectrum; 

• A system mechanical response time test will be conducted by directing ethylene 
(CTS} through the entire system. The time required to reach 95% full scale 
reading of the CTS will be recorded; 

• A system equilibration response time test will be conducted by introducing 
nitrogen through the entire sampling system; 

• A system recovery check will be conducted by introducing a spike 
(acetaldehyde). The spike gas will be blended with sulfur hexafluoride (SF,) at 

• A known concentration to allow accurate quantification of the exact dilution 
factor and determination of sample recovery; 
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• A second system zero test will be conducted by directing nitrogen through the 
entire sampling system. Data will be recorded continuously until 95% of 
downscale reading is met. The time for the system to reach zero after exposure 
to the analyte will be recorded; and 

• We will level and zero the incline manometer prior to each set of sample 
collections. 
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Data generated during the bench scale pre-test procedures will be. present¢11:)11 Figure 2 (please see section 
3.0). Please note that Figure 2 will be presented in the ftnal report with data collected from the actual 
field-testing source. 

Parameter Gas Concentration Path Equilibration Dilution % 
Measured Length Time Factor Recovery 

Path Length Ethylene 101.2 4.93 
Mechanical Ethylene 101.2 42 
Response 

Time 
System Acetaldehyde 101.9 37 

Response 
Time 

Analyte Acetaldehyde 101.9 50 10 92 
Spike 

Recovery 
System Zero Nitrogen 65 .. F1gure 2 Measurement System CapabJht1es 

5.0 TEST RUNS AND DURATION 
The FTIR integration time is capable of achieving 95% full scale reading (mechanical response 

time) quicker than most technology used today. Because of this unique feature, along with the pre-test 
protocols (listed in section 5.0), the unit becomes stabilized in approximately 15-20 minutes. A Great 
Plains Analytical Services JJJJ technician will collect three separate !-hour test runs. The ftnal reported 
analyte concentrations will be the average of each !-hour test run. Quality control and quality assurance 
will be conducted prior to, during, and post testing to demonstrate the instrument's integrity and to ensure 
test result accuracy. 

6.0 POST-TEST QUALITY ASSURANCE 

Post test quality assurance will verif'y that the line positions have not shifted by more than 15% of 
the resolution, and the resolution has not changed by more than 15% of that determined before testing. 

7.0 ADDITIONAL INFORMATION AND REPORTING 
Additional parameters and atmospheric information will also be provided in the ftnal report and 

will include: 

• Barometric pressure, ambient temperature and volumetric flow; 
• The percent moisture. 
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8.0 HEALTH AND SAFETY CONCERNS 

In accordance with 40 CFR Part 60.8, the client must provide safe access to the unit for testing 
and observance. Due to the nature of the source and the exposure to high temperatures, extreme caution 
will be observed in order to avoid contact with the unit which may result in bums and or inhalation of 
exhaust emissions. 

Due to the remote location of the source unit, additional health & safety precautions will be 
observed such as avoidance of slips, trips, falls, and heat exhaustion. 

9.0 PROCESS FLOW DIAGRAM 
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July 10, 2015 

Regional Administrator 
U.S. EPA - Region 6 
Fountain Place 12th Floor, Suite 1200 
1445 Ross Avenue 
Dallas, TX 75202-2733 

Dear Administrator: 

'·"!. 

RE-CEIVE 

J(JI . 2 3 201.5 
A1tffox1cs & Inspection 
Coomination Branc'' 

6EN-A 

Enclosed please find one copy each of the following 40 CFR 60, Subpart JJJJ emission compliance test 
reports, submitted by Air Hygiene International, Inc., on behalf of XTO Energy, Inc. for the following 
engines. 

• McCarty 1-36H, Carter County, OK 
• Miller 1-35H, Carter County, OK 

If you have any questions, comments, or concerns please feel free to contact me at (918) 810-5638 or 
mplummer@airhygiene.com. 

Sincerely I a {) 
~~m~ 

Regional Manager- Fort Worth, TX 

Encl. (2) 

cc: 
xto-15-multi.ok-eng#8 



' 

.. Testing Solutions for a Better World 
AIR HYGIENE, INC. 

[?@)[2 

.1:'""'"""'"""''-'"'!il ®~~®® 1?&9 CtJJ[fl]01J w®C91®71®®9 
';} . 

©1:§~0£[1:. S~®©®'1J ~~'ZZ ' 
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EMISSION COMPLIANCE TEST 
FOR THE 

CATERPILLAR, G3306 TA, UNIT #805709, 
SERIAL #R6S01337 

PREPARED FOR 
XTO ENERGY, INC. 

AT THE 
MCCARTY 1-36H 

CARTER COUNTY, OKLAHOMA 
MAY 29,2015 

Prepared and Reviewed by: 

Cole~~~ 
Project Manager Regional Manager, Fort Worth, Texas 

J:Yt'rlda S'att viket 
/ Pandu Sattvika, P.E., QSTI, 

Regional Manager, Austin, Texas 
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Emissions Compliance Test 
Caterpillar, G3306 TA, Unit #805709, Serial #R6S01337 

XTO Energy, Inc. 
McCarty 1-36H 

Carter County, Oklahoma 
May 29,2015 

1.0 INTRODUCTION 

Air Hygiene International, Inc. (Air Hygiene) has completed the emissions testing study for nitrogen oxides 
(NOx), carbon monoxide (CO), volatile organic compound (VOC) and oxygen (02 ) from the exhaust of the 
Caterpillar, G3306 TA, Unit #805709, Serial #R6SO 1337 for XTO Energy, Inc. at the McCarty l-36H in Carter 
County, Oklahoma. This repmt details the background, results, process description, and the sampling/analysis 
methodology of the stack sampling survey conducted on May 29,2015. 

1.1 TEST PURPOSE AND OBJECTIVES 

The purpose of the test was to conduct the periodic emission test to document levels of selected pollutants with 
the unit operating within 10% of peak or highest achievable load. The engine is subject to emission testing 
requirements set forth in the standards designated by the United States Environmental Protection Agency (EPA) 
Title 40, Code of Federal Regulations 40 CFR 60, Subpart JJJJ and the Oklahoma Department of Environmental 
Quality (ODEQ) permits. The specific objective was to determine the emission concentration ofNOx, CO, VOC 
and 0 2 from the exhaust ofXTO Energy, Inc.' Caterpillar, G3306 TA, Unit #805709, Serial #R6S01337. 

1.2 SUMMARY OF TEST PROGRAM 

The following list details pe1tinent information related to this specific project: 

1.2.1 Participating Organizations 
• Oklahoma Department of Environmental Quality (ODEQ) 
• XTO Energy, Inc. 
• Air Hygiene 

1.2.2 Industry 
• Natural Gas Transport and Processing 

1.2.3 State and Federal Requirements 
• State Permit 2011-363-0 
• 40 CFR 60, Subpa1t JJJJ 

1.2.4 Plant Location 
• McCarty 1-36H in Carter County, Oklahoma 
• GPS Coordinates [Latitude 34.246010, Longitude -97.053990] 

1.2.5 Equipment Tested 
• Caterpillar, G3306 TA, Unit#805709, Serial #R6S01337 

1.2.6 Emission Points 
• Exhaust fi·om the Caterpillar, G3306 TA, Unit #805709, Serial #R6SO 1337 

1.2. 7 Emission Parameters Measured 
• NOx • Oz 
• co 
• voc 

xto-15-multi.ok-eng#8-McCarty 1-36H _805709 
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1.2.8 Date of Emission Test 
• May 29,2015 

1.2.9 State Certification 
• Texas NELAP Accreditation No. T!04704523-14-1 

1.3 KEY PERSONNEL 

XTO Energy, Inc.: 
Air Hygiene: 

2.0 SUMMARY OF TEST RESULTS 

William Payne 
Rob White 

817-885-3165 
918-307-8865 

Results from the sampling conducted on XTO Energy, Inc.'s Caterpillar, 03306 TA, Unit #805709, Serial 
#R6S01337 located at the McCatiy 1-36H on May 29, 2015 are summarized in the following table and relate only 
to the items tested. 

The results of all measured pollutant emissions were below the required limits. All testing was performed without 
any real or apparent errors. 

xto-15-multi.ok-eng#8-McCarty l-36H_805709 
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TABLE 2.1: ENGINE EMISSIONS REPORT 
XTO ENERGY, INC. 

CATERPILLAR, G3306 TA, UNIT #805709, SERIAL #R6S01337 

Test Period: Qtr 2-2015 Manufacturing Federal Requirements : 40 CFR 60, JJJJ 

Location: McCarty 1-36H or Rebuild Date Unit Number: 805709 

Date: May 29, 2015 09112113 Suction Pressure (psi): 58 

Project Number: xto-15~multi.ok~eng#8 Discharge Pressure (psi): 930 

Engine Manufacturer: Caterpillar Federal Stack Exhaust Temperature (°F): -

Engine Model: G3306 TA Regulatory Rated Horsepower (hpr): 203 

Engine Serial Number: R6S01337 Citation Brake Horsepower (bhp): 118 

Analyzer Manufacturers: TECO(NOx), TECO(CO), SERV(02), VIG(VOC) Subpart JJJJ Engine Fuel Flow (SCFH): 968 

Analyzer Model Numbers: 42c, 48i, 1440,210 Specific Gravity: 0.7253 

Date Analyzers Calibrated: May 29, 2015 §60.4233 and/or Fuel Heating Value [LHV] (Btu/SCF): 1,107 

Test Results and Calculations: Appendix A 
§60.4243 

BSFC (Btulhp•hr): 9,053 

Emission Data Records: Appendix B Annual Hours Allowed to Operate: 8,760 

Calibration Gas Certifications: Appendix C Engine Speed (rpm): 1,518 

Quality Assurance and QC Data: Appendix D Air Manifold Temp (°F): 113 

Fuel Analysis Records: Appendix E Air Manifold Pressure (psia): 13 

Ambient Temperature (°F): 77.3 Operating Hours (hours): 4,200 

Barometric Pressure (in. Hg): 30.52 Available Horsepower (hP>~): 171 

Relative Humidity(%): 69 Rated Engine Speed (rpm): 1,800 

Emission Test Results Rated Manifold Pressure (in. Hg (abs)): 39 

Pollutant (units) Stack Test Results Federal Limits Passing Engine Load(%): 69 

o, (%) 0.00 -- -- Differential Pressure (in H20): -

NOx (ppmvd) 37.49 - -- -Brake horsepower based on available horsepower multiplied by 

co ppmvd) 338.88 -- - load. 

voc 'ppmvd) 12.13 - -- -Available horsepower based on the engine speed ratio (actual vs 
rated), see Engine Spec Sheet, Appendix B. 

NOx ppmvd@15%02 ) 10.58 82.00 YES -Load based on the air manifold ratio (actual vs rated), see Engine 

co (ppmvd@15%02 ) 95.66 270.00 YES Spec Sheet, Appendix B. 

voc (ppmvd@.15%0 2 ) 3.42 60.00 YES 

NOx (lb/hr) 0.05 -- --
co (lb/hr) 0.25 -- --
voc (lb/hr) 0.01 -- --
NOx (g/hp*hr) 0.18 1.00 YES 

co (g/hp*hr) 0.97 2.00 YES 

voc (g/hp*hr) 0.05 0.70 YES 

All testing conducted according to United States Environmental Protection Agency (EPA), 
Tested By: Air Hygiene International, Inc. 

Methods: 3a, 4, 7e, 10, 19 and 18/25a. 
Tester(s) I Test Unit(s): RW/1621208 

xto-15-multi.ok-eng#B-McCarty 1-36H_805709 



3.0 SOURCE OPERATION 

3.1 PROCESS DESCRIPTION 

The unit tested was a Caterpillar, G3306 TA, Unit #805709, Serial #R6SO 1337. The engine is rated at 203 
horsepower. The engine emissions are vented to the atmosphere through an exhaust system extending from the 
engine. 

3.2 SAMPLING LOCATION 

The stack measures 6 inches in diameter with an elevation at the top of7 feet above grade. The stack lacked 
exhaust ports and testing was conducted using a stainless steel hook over the top of the stack and down into the 
exhaust. The hook extended at least 0.5 stack diameters from the exit to the atmosphere and at least 2.0 stack 
diameters fi·om the upstream disturbance. All exhaust samples for gaseous emissions were continuously drawn 
from in the exhaust of the stack. 

4.0 SAMPLING AND ANALYTICAL PROCEDURES 

4.1 TEST METHODS 

The emission test on the Caterpillar, G3306 TA, Unit #805709, Serial #R6S01337 at the McCarty l-36H was 
performed following United States Environmental Protection Agency (EPA) methods described by the Code of 
Federal Regulations (CFR). Table 4.1 outlines the specific methods performed on May 29,2015. 

TABLE 4.1 
SUMMARY OF SAMPLING METHODS 

Pollutant or Parameter Sampling 
Analysis Method Method 

Sample Point Location EPA Method 1 Equal Area Method 

Oxygen EPA Method 3A Paramagnetic Cell 

Stack Moisture Content EPA Method 4 Section 16.4 FFactor Based 
Calculation 

Nitrogen Oxides EPA Method 7E Chemiluminescent Analyzer 

Carbon Monoxide EPA Method 10 Nondispersive Infrared 
Analyzer 

Volatile Organic Compounds 
EPA Method Gas Chromatograph and 
18/25A Flame Ionization Detector 

Stack Flow Rate EPA Method 19 Dry Oxygen F Factor 

xto-15-multi.ok-eng#S-McCarty l-36H _ 805709 
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4.2 INSTRUMENT CONFIGURATION AND OPERATIONS FOR GAS ANALYSIS 

The sampling and analysis procedures used during these tests conform with the methods outlined in the Code of 
Federal Regulations (CFR), Title 40, Part 60, Appendix A, Methods I, 3A, 7E, 10, 18, 19 and 25. 

Figure 4.1 depicts the sample system used for the real-time gas analyzer tests. The gas sample was continuously 
pulled through the probe and transpot1ed, via heat-traced Teflon® tubing, to a stainless steel minimum-contact 
condenser designed to dry the sample. Transportation of the sample, through Teflon® tubing, continued into the 
sample manifold within the mobile laboratory via a stainless steel/Teflon® diaphragm pump. From the manifold, 
the sample was partitioned to the real-time analyzers through rotameters that controlled the flow rate of the 
sample. Exhaust samples were routed to the wet based analyzer prior to gas conditioning. 

Figure 4.1 shows that the sample system was also equipped with a separate path through which a calibration gas 
could be delivered to the probe and back through the entire sampling system. This allowed for convenient 
performance of system bias checks as required by the testing methods. 

All instruments were housed in an air-conditioned, trailer-mounted mobile laboratmy. Gaseous calibration 
standards were provided in aluminum cylinders with the concentrations certified by the vendor. EPA Protocol 
No. I was used to dete1mine the cylinder concentrations where applicable (i.e. NOx calibration gases). 

Table 4.2 provides a description of the analyzers used for the instrument pot1ion of the tests. All data from the 
continuous monitoring instruments were recorded on a Logic Beach Portable Data Logging System Hyperlogger 
which retrieves calibrated electronic data from each instrument every one second and reports an average of the 
collected data every 30 seconds. Data records can be found in Appendix A and B of this report. 

Three test runs of approximately 60 minutes each were conducted on the Caterpillar, G3306 TA, Unit #805709, 
Serial #R6S01337 with the unit operating within 10% of peak or highest achievable load for NOx, CO, VOC and 

Oz. 

The stack gas analysis for 0 2 concentrations was performed in accordance with procedures set forth in EPA 
Method 3A. The Oz analyzer uses a paramagnetic cell detector. 

EPA Method 7E was used to determine concentrations ofNOx. A chemiluminescent analyzer was used to 
determine the nitrogen oxides concentration in the gas stream. A N02 in nitrogen cetiified gas cylinder was used 
to verify at least a 90 percent NOz conversion on the day of the test. 

CO emission concentrations were quantified in accordance with procedures set fot1h in EPA Method 10. A 
continuous nondispersive infi"ared (NDIR) analyzer was used for this purpose. 

VOC emission concentrations were quantified in accordance with principles set fot1h in EPA Method 18 and 25A. 
A V1G 210 was used for this purpose. The VIG 210 includes both a conventional total hydrocarbon (THC) 
analyzer and an automated gas chromatograph (GC) for determining VOCs. Two F!Ds (flame ionization 
detectors) were used for the measurements: one for the THC channel and the other for the automated GC which 
measured methane, ethane, and residual (VOCs). During each sample period gas sample is injected directly to the 
first FID. This detector responded to all hydrocarbons in the sample and is used as a traditional FID as needed. 
For VOC sampling, a heated gas sampling valve is used for direct injection ofthe gas on the GC column per 
Method 18, Section 8.2.2. The GC column separates hydrocarbon components based on their molecular 
configurations, weights, and boiling points. In this application, the analyzer used the gas chromatograph column 
to separate methane and ethane from the heavier residual hydrocarbons (i.e. VOCs). Methane eluted from the 
sample first, it was immediately detected by the second FID; ethane eluted from the column second and was also 
detected by the second FID. The flow in the GC column was reversed (back-flushed) and the residual 
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components were recombined and detected by the second FID as residual VOCs. Peak residual (VOC) values are 
reported by the analyzer between each sample period. EPA Method ?E bias and drift check criterion was used to 
validate data instead of EPA Method 18 recovery studies as it is has more stringent and comprehensive quality 
assurance procedures. EPA Protocol No. I traceable propane calibration gas was used to calibrate the residual 
channel of the analyzer and the calibration procedure followed the requirements of EPA Method 25A. In this 
application, the target compound was VOC (non methane, non ethane hydrocarbon); therefore, the methane, 
ethane, and total hydrocarbon channels of the analyzer were not formally calibrated. 

Parameter 

NOx 

co 

voc 

o, 

Manufacturer 
and Model 

THERM042C 

THERM048i 

VIG 210 

TABLE 4.2 
ANALYTICAL INSTRUMENTATION 

Range Sensitivity Detection Principle 

User may Thermal reduction of NO, to NO. 
Chemiluminescence of reaction of select up to 0.1 ppm 
NO with o,. Detection by PMT. 5,000 ppm 
Inherently linear for listed ranges. 

User may Infrared absorption, gas filter 
select up to 0.1 ppm correlation detector, microprocessor 
10,000 ppm based linearization. 

User may 
GC Column and Flame Ionization select up to 0.1 ppm 
Detector 10,000 ppm 

SERVOMEX 1440 0-25% 0.1% Paramagnetic cell, inherently linear. 

xto-15-multi.ok-eng#8-McCarty l-36H _ 805709 

6 of 52 



E:ISHAREDIDRI\WINB5lEMISSIONS TESTING LAB.f'PT 04/18/08 DRAWING_:DB_-001 TKG COPYRIGHT© 2011 AIR HYGIENE INTERNATIONAL. INC. 

~· --~~~" '''~·':._::~:-
~-'- ', ,_-.:=.· 

m 

I 
m 
)> 

.,-; 
-m 
r::jo 
m-u 
;u;u 

0 
OJ 
m 

c 
z 
w 
CJ 
w 
....1 

_., I I I •lill Heated Teflon Tubing (pre-conditioned sample) 

II-• 4l- Unheated Teflon Tubing (conditioned sample) 

•··········· ..... 
Diluted Calibration Gas 

Calibration Gas 

Electronic Input/Output 

w 

"' 0 
n::o:: 
"-W 
Of-
w=' 
[--1.1. 
<( 
w 
I 

~_-_:_-··· 

I i I;) 
?oOj: 

o-o 
;;o::o 
No zo 
om 

(j)(j) 
);!(}) 
oz 
;>;r 

m 
-I 

~ ~ 
w c 
3 w -o= CD 5" 
c ro 
3"' o-ro .. w 
Ef(i) 
,_~ 

.......................... ······· .. EXTERIOR ................................ •• •. 
• • • • • • • • • "" TT.~E~S.TT.W;lj \J>hy,,Q.... < • 

••••••••••••• ~----. --- 0:: ~ 
•• "··· w "h 0 

•• • w • z~ ~ , 
.• ~OA 5 o - ·ic , • 

/ RECORDER ~ 1---.-_•-_ .. :_ .. . - ~I~*"'-~~"~" ~ 
0 .,_ --···- - z r·,· ::"'·~ . ~l ~4J~ (F) 

o · : -· o ' r.~/ 1~~ -g MOBILE 
SECONDARY 
ANALYZERS .. .. .. . . .. .. . .. . . . .. . .. . ... 

MANIFOLD ·; 

t t t (JJ - -_ i!.<•-y w U 1 ~""-0 CO 

...... ; ! ! ' - * ., - i -·· ·::::::.......... . I .. . - , 
• '0 . : .......... . .. . . . .. . . . . . . -... IF-!!Iiil'r ~~o·;. 1 .......................... l...... I ,.,-,-~r 

i'JOO]~f6 ___ • : . I: ! ·~ 
j i) O·~· r\ J) : : 

tt t 

I~ \--' ~ Iii o o • 

0 2 , C02, NoxY 
co,so, • 

C-_Yi;;, - ---- .: ••• : > -~-· -
: -.~, ,·! 

I 

ti-le, voc 

(JJ 

-::J 
Zf--
0f--

0 : 0:::(/) 
Z • IlL::( 
0 :-. ::J {9 

~ THC,VOC 
GAS DILUTER 

. ................... ··• 
HOT/WET ANALYZERS 

... ~o.~~y ANALYZERS 

·~~~q··-· '-'= •. 

0 2, C02, NOx, CO, S02 

FIXED 
PRIMARY 

ANALYZERS 

!U~n 
=1~~,.,: !1 4 -<>-<:>-

., 
~ 
0 
0 
~ 
;u 
0 
r 
;;: 
)> 
z ., 
0 
r 
0 

FTIR 

Figure 4.1 
EMISSIONS TESTING LAB 

w 

"' 0 
0:: 
"-

t) 
::> 
<( 
I 
>< 
llJ 
~ 
u ;:; 
(J) 

0 ~: ~iil 
=i : ·.. ()<( (JJ 

0 : ·.. <( 

~ VENT j •·•... a;. WWWW VENT 
;a .. •• ' ·· ........................... · ·····'· ................................................................. . 

1600 W Tacoma Street 
Broken Arrow, Oklahoma 7 4012 

www.airhygiene.com 

Shown fullv eouiooed. Some tabs mav not contain these features and others mav contain additional features specific to certain scopes. AIR HYiiiEIIIE (888) 461-8778 

N 

"' 0 .... 



APPENDIX A 

TEST RESULTS AND CALCULATIONS 

8 of 52 



EMISSION CALCULATIONS SUMMARY TABLES 

Company: XTO Energy, Inc. 
Engine Tested: Caterpillar, 03306 TA, Unit#S05709 

Engine Serial#: R6S01337 

Stack Gas Flow Rate: Method 19 

Test# 
Brake 0 2 Conc. (%) fuel Hea~ng {HHV] 

Horsepower Y•!ue{BiuiSCF) 

1 116 0.00 1,220 

2 119 0.00 1,220 

3 119 0.00 1,220 

Average 116 0.00 1,220 

NOx Mass Emission Rate 

Test# 
Brake NOx Cone. 

MW 
Horsepower (ppmvd) 

1 116 56.35 46.01 

2 119 28.21 46.01 

3 119 27.90 46.01 

Average 118 37.49 46.01 

NOx @15%0, Concentration 

Test# 
Brake NOxConc. NOx@15%02 

Horsepower (ppmvd) {ppmvd) 

1 116 56.35 15.91 

2 119 28.21 7.96 

3 119 27.90 7.87 

Average 116 37.49 10.58 

CO Mass Emission Rate 

Test# 
Brake CO Cone. 

MW 
Horsepower (ppmvd) 

1 116 434.88 28.00 

2 119 307.56 28.00 

3 119 274.21 28.00 

Average 118 338.88 28.00 

CO @15%02 Concentration 

Test# 
Brake CO Cone. C0@15%0z 

Horsepower (ppmvd) {ppmvd) 

1 116 434.88 122.77 

2 119 307.56 86.80 

3 119 274.21 77.40 

Average 116 338.88 95.66 

VOC Mass Emission Rate 

Test# 
Brake voc Cone. 

MW 
Horsepower {ppmvd) 

1 116 13.59 44.00 

2 119 12.00 44.00 

3 119 10.74 44.00 

Average 118 12.13 44.00 

VOC @15%02 Concentration 

Test# 
Brake VOC Cone. VOC@15%0z 

Horsepower (ppmvd) (ppmvd) 

1 116 13.59 3.84 

2 119 12.00 3.40 

3 119 10.74 3.03 

Average 116 12.13 3.42 
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Date: May 29, 2015 
Location: McCarty 1-36H 

F Factor.Ory Oxy. Fuel Flow 
(DSCFe1<1MMB!lJ) (SCF/hr) 

8,714.27 972 

8,714.27 972 

8,714.27 960 

8,714.27 968 

E (g/hp'hr) E (lb/hr) 

0.27 0.07 

0.13 0.03 

0.13 0.03 

0.18 0.05 

E (g/hp•hr) E(lb/hr) 

1.26 0.33 

0.88 0.23 

0.78 0.20 

0.97 0.25 

E (g/hp•hr) E{lb/hr) 

0.06 0.02 

0.05 0.01 

0.05 0.01 

0.05 0.01 

Stack Flow 
(SCF!hr) 

10,335 

10,332 

10,206 

10,291 

E (ton/yr) 

0.30 

0.15 

0.15 

0.20 

E (ton/yr) 

1.43 

1.01 

0.89 

1.11 

E (ton/yr) 

0.07 

0.06 

0.05 

0.06 

App.A 



Calculations, Formulas, and Constants 
The following information supports the spreadsheets for this testing project. 

Gjyen Data: 
Ideal Gas Conversion Factor= 385.23 SCF/Ib-mol at 68 deg F & 14.696 psia 

Fuel Heating Value is based upon Air Hygiene's fuel gas calculation sheet. All calculations are based upon a correction to 68 deg F & 14.696 psia 
High Heating Values (HHV) are used for the Fuel Heating Value, F-Factor, and Fuel Flow Data per EPA requirements. 

ASTM 03588 
Molecular Weight of NOx (lb/lb-mole) = 46.01 

Molecular Weight of CO (lb/lb-mole) = 28.00 

Molecular Weight of SOz (lb/lb-mole) = 64.00 

Molecular Weight of THC {propane) (lb/lb-mole) = 44.00 

Molecular Weight ofVOC (methane) (lb/lb-mole) = 16.00 

Molecular Weight of NH3 (lbllb-mole) = 17.03 

Molecular Weight of HCHO (lbllb-mole) = 30.03 

Formulas: 
1. Corrected Raw Average {CGas), 40CFR60, App. A, RM 7E, Eq. 7E-5 {08/15/06) 

c " (c - c )x ( c_,, ) 
Gas .!\~ 0 c .If - c 0 

2. Correction to% 0 2, 40CFR60, App. A, RM 20, Eq. 20-5 (11/26/02} 

C -C x(20.9%-AdjFactor) 
aa] ~ G<ll(Tug;~t) 20 9

% _ C 
• 0 Gas(Ol) 

3. Correction to% 0 2 and ISO Conditions 

( J
Ul 

C _ C (lh(H,-0.006)) )) 288 
JSO- Ad} X xe X--

T, 

4 Mf'lhnrl1q 'ilnrk f':l'hflrl'\f flnw ('\rfh) 

(
FFactor x Q1 x Hffi".) ( 20,9% .. J 

Q, = 1,000,000 xl20.9%-Caa,
10

,.\. 

xto-15-multi.ok-eng#B-McCarty 1-36H_805709 
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40CFR60, App. A., RM 19, Table 19-1 
Conversion Constant for NOx"' 0.0000001194351 

Conversion Constant for CO= 0.0000000726839 

Conversion Constant for 802 = 0.0000001661345 

Conversion Constant for THC = 0.0000001142175 

Conversion Constantfor VOC (methane)= 0.0000000415336 

Conversion Constant for NH 3 = 0.0000000442074 

Conversion Constant for HCHO = 0.0000000779534 

NOTE: units are lb/ppm•ft3 

5. Emission Rate in lb/hr 

C6 m Qs xMW 
= -1-0,- X =-Gc;o--

6. Emission Rate in tons per year 

EJ~ilv x hr\M7' E I :::: • 

ton. rr 2000 

7. Emission Concentration in lb/MMBtu (02 based) 

E _ C o(lj x FdFactor x Conv c x 20.9% 
f!! 1.\L\JEru - ?Q 9., _ C 

- • i'O G(lj{02) 

8. Emission Concentration in g/hp*hr 

E 
_ Elbllv X 453.6 , Elb•h• X 453.6 

111ph- - 01 
g 11111' X 1341.022 hp 

App.A 



EXAMPLE CALCULATIONS (FFACTOR) 

RM 19, (02-27-14), 
Mark's Std Hdbk, 1oth ed.,pg 4-26 

2.0 Summary of Method, 
2.1 Emission Rates. Oxygen High Heat Value Dry (HHVdry), calc for Methane (single component for the fuel gas) 

{02) or carbon dioxide (C02) 

HHV _,(Btu/ SCF)~ [(~~~ )x GCM] concentrations and appropriate HHVrlry = 
78.45% 994.85 Btu 780.43 Btu 
---X = 

F factors (ratios of combustion 100.00 SCF SCF 
gas volumes to heat inputs) are 
used to calculate pollutant 
emission rates from pollutant 

Mark's Std Hdbk, 10th ed., pg 4-26 
concentrations. 

Low Heat Value Dry (LHV<~ry). calc for Methane (single component for the fuel gas) 

LHV ">(Btu I SCF)~ [(';~; )x NCM] LHVdry = 
78.45% 895.75 Btu 702.70 Btu 

RM 19, (02-27-14), ---x 
SCF SCF 

12.2 Emission Rates of PM, 
100.00 

S02, and NOx. Select from the 

following sections the applicable 
procedure to compute the PM, Civil Eng. Ref. Man.,7th Ed.,pg 14-9/GPA Ref. Bulletin 181-86, App. C 

S02, or NOx emission rate (E) High Heat Value Wet (HHVw.,J. calc for entire sample (all components of the fuel gas) 

in lb/MMBtu. The pollutant 
concentration must be in lbfscf HHVtin· 1,220.09 Btu/SCF 

and the F factor must be in 
HHV.,..t(BtuiSCF)= · HHVwet= = 1,191.96 Btu/SCF 

1V I D.factor 1.0236 
scf!MMBtu. If the pollutant 
concentration (C) is not in the 
appropriate units, use Table 

Civil Eng. Ref. Man.,7th Ed.,pg 14-9/GPA Ref. Bulletin 181-86, App. C 
19-1 in Section 17.0 to make 
the proper conversion. An F Low Heat Value Wet (LHVweJ, calc for entire sample (all components of the fuel gas) 

factor is the ratio of the gas 
LHVdrl. volume of the products of LHV,<(/(Btu/SCF)= · LHVwet = 

1,106.61 Btu/SCF 
= 1,081.10 Btu/SCF 

combustion to the heat content W/D.factor 1.0236 
of the fuel. The dry F factor (F d) 

includes all components of 
combustion less water, the wet Lbs Component per Lb-Mol of Gas (CM), calc for Methane (single component for the fuel gas) 
F factor {Fw) includes all 

components of combustion, and C\l(lbllb-mol)~[(':~; }Mw] 78.45% 16.04 lb 
the carbon F factor (F c) includes CM= X 

lb-mol 
= 12.59 lb/!b-mol 

only carbon dioxide. 
100.00 

ASTM D 3588 Btu per lb of Gas Gross (GCV) 
[ HHV xG] 

Fuel Molecular Weight {MWFue1) GCV (Btu lib)~ "' 

MW F•d (lb lib -mol)~ IL: (CM )j MWFuel = 12.59 lb/lb-mol 
. .\/WFwl 

+ 3.43 lb/lb-mol 
GCV= 

1,220.09 Btu/SCF x 385.23 ft3/!bmol 
- 22,376.22 Btu/lb 

+etc.= 21.005 lb/lb-mol 21.005 lb/lb-mol 

ASTM D 3588 (SG) 
SG = [ ,\m' '"' l SG 

21.01 lb/lb-mol Btu per Lb of Gas Net (NCV) 
[LHV xG] 

Specific Gravity 28.96 lb/lb-mol NCV (Btu 1/b )~ "' 
,\JW.Ill. 

= 0.7253 
..\JW F!d 

NCV= 
1,106.61 Btu/SCF x 385.23 te/lbmol 

20,294.98 Btu/lb 
21.005 lb/lb-mol 

Weight Percent of Component {Co/.), methane 

c,.(%)=[(~)x!OO] 
J!WE.,, 

Weight Percent of Volatile Organic Compounds (VOC%) 

C _ 12.59 lb/lb-mol [C,Hn ] 
%- X 100 = 59.92% voc.,(%)~ L;M., 

21.01 lbllb-mol CJH, VOC%= 9.69 % + 1.64 % + 4.19 % + etc.= 20.63 % 

RM 19, (02-27-14), 12.3.2 Determined F Factors. If the fuel burned is not listed in Table 19-2 or if the owner or operator chooses to determine an F 

factor rather than use the values in Table 19-2, use the procedure below: 12.3.2.1 Equations. Use the eq 

RM 19, {02-27-14), F _ K(KM%H+K,%C+Kl%S+Kn?loN-K0 %0) 
Eq. 19-13 

12. 1 Nomenclature a- GCV 

K fscfllbll% 

{3 ~: ~~F X 21.98 % H 3.64 
Fd = 106Btu 1.53 SCF 

X 75.22 o/o 
0.57 SCF 

% + + +---x 0.00 
c 1.53 MMBtu lb'% lb'% 

s 0.57 

N, 0.14 0.14 SCF 
1.98 % 

0.46 SCF %} lb 8,714.27 SCF 

o, ---x ----x 0.82 
0.46 lb'% lb'% 22,376.22 Btu MMBtu 

Note. Lack of Significant figures may cause round1ng errors between actual calculations and example calculations. 
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EXAMPLE CALCULATIONS (INFORMATION) 

Specific Humidity (RHsp) Note: RHsp (grllb) calculated using temperature, relative humidity, and barometric pressure with 
psychrometric chart, psychrometric calculator, or built in psychrometric algorithm. 

RH,,(lbllb)=[(gr)' x-
1b-l 

lb 7000 g>' 

Calculated Stack Gas Moisture Content (Bws) 

89.6
1
b6 gr x -c;;;';;l "lb':::- = 

7000 gr 
0.012808 lb H;:P 

lbAir 

RM 4, {02·27-14), 16.4 Using F·factors to determine moislure is an acceptable altemalive to Method 4 for a 
combustion stack not using a scrubber. If this option is selected, calculate the moisture content as follows: [with 
corrected equations from the Final Rule: Revisions to Test Methods and Testing Regulations] Bws = 17.91 % + 2.02 % + 0.17 % = 20.09% 

[[ 
6 {'36 18.015}' 0 {236 18.015}! l .., >!• 4 0.003 X -· X--- + .075X . A---

D .(%) = [(!- F,x20.9- O, )j + [( %RH )x 10{
1
"

11{,.,,.)}]+ JIW,,, Jm•,., 20.9- o,) 
~. F~ 20.9 100 X P:s~, 100 20.9 

BH = mole fraction of moisture from the hydrogen in fuel 
W (%, by weight) = 2.36 mol% x 

18.015 -0;7-:S'- ::: 2.0240 % 
21.005 B (%) = J 1 - 8710.0}J 20.9 H 0.00 )= 17.91% 

H \ 10010.0 \ 20.9 2.36 mol%= %H20 (mol%) at EPA Standard Conditions 

{68°F and 14.696psia); MWwater = 18.015 lb!lb-mol 
BA =mole faction of moisture in the ambient air 

BA(%) = 68 { 6.6912 

100 X 30.51 X 10 

3144 } 
76 + 390.86 = 2.02 % 

BF = mole faction of moisture from free water in the fuel 

BF(%) ~ 0.0036 X 2.0240 i:O + 0.075 x 2.0240} { 20.9 - 0.00 )= 0.17 .. 
20.9 /O 

Note Lack of s1gmficant figures may cause rounding errors between actual calculallons and example calculations 

EXAMPLE CALCULATIONS (CALIBRATION) 

Analyzer Calibration Error 
RM 7E, (02-27-14), 12.2 Analyzer Calibration Error. For non-dilution systems, use Equation 7E-1 to calculate the analyzer calibration error for the 
low-, mid-, and high-level calibration gases. (calc for NOx analyzer mid gas, if applicable) 

ACE= 

Calibration Error and Estimated Point, RM 25A, THCNOC Analyzer 

250.38 ppm- 251.00 ppm 
482.70 ppm 

x100= -0.13% 

RM 25A, (02-27-14), 8.4 Calibration Error Test. Immediately prior to the test series {within 2 hours of the start of the test), introduce zero gas and high· 
level calibration gas at the calibration valve assembly. Adjust the analyzer output to the appropriate levels, if necessary. Calculate the predicted 
response for the low-level and mid-level gases based on a linear response line between the zero and high-level response. Then introduce row-level 
and mid-level calibration gases successively to the measurement system .... These differences must be less than 5 percent of the respective 
calibration gas value. {calc for THCNOC analyzer mid gas, if applicable) 

(
c -C ) ACE""' Dil'cs I' xlOO Eq. 7E-1 

Eq. of a line 
y=mx+b 

Ep = 86
·
04 

ppm-
0

·
00 

ppm x 45.10 ppm+ 0.00 = 45.38 ppm 
85.50 ppm- 0.00 ppm 

ACEvoc 
= 45.33 ppm- 45.38 ppm 

45.10 ppm 
X 100 = -0.12 % 

Note. Lack or s1gmficant figures may cause roundmg errors between actual calculations and example calculations. 
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EXAMPLE CALCULATIONS (BIAS, DRIFT, AND CORRECTED RAW AVERAGE) 

System Bias 

RM 7E, (02-27-14), 12.3 System Bias. For non-dilution systems, use Equation 7E-2 to calculate the system bias separalely for the low-level and 
upscale calibration gases. (calc for NOx analyzer upscale gas, Run 1 initial bias, if applicable) 

ss~(c'~f"" )x1oo Eq. 7E·2 SB = 
244.38 ppm - 250.38 ppm 

482.70 ppm 
X 100 = -1.24 % 

Drift Assessment 

RM 7E, (02-27-14), 12.5 Drift Assessment. Use Equation 7E-4 to separately calculate the low-level and upscale drift over each test run. {calc for 
NOx analyzer upscale drift, Run 1, if applicable) 

D ~Iss fi"1 -ss,l Eq. 7E-4 D=j -0.81 % - -1.24% i= 0.44 % 

Bias Adjusted Average 

RM 7E, (02-27-14), 12.6 Effluent Gas Concentration. For each test run, calculate Cavg, the arithmetic average of all valid NOx concentration values 
(e.g., 1-minute averages). Then adjust the value of Cavg for bias, using Equation 7E-5b. {calc for NOx analyzer, Run 1, if applicable) 

CGm~(c,,,-C0 )x( c.,, ) 
C.\1 -Co 

Eq. 7E-5b CGas = (55.80 ppm- 0.91 rjx ( 251.00 ppm j = 56.35 ppm 
PP 245.44 ppm- 0.91 ppm 

EXAMPLE CALCULATIONS (Brake Horsepower) 

Brake Horsepower (bhp) 
BHP = hpa x Load 

BHP = hp X 
69 % hp 171 
100 

118 

Available Horsepower {hPa) 

hpa = Rated Horsepower x 
actual rpm 

rated rpm 

hpa = 203 hp x 1,520 rpm 
1,800 rpm 

= 171 hp 

Load(%) 

Load{%) 
actual Air Manifold Pressure 

rated Air Manifold Pressure 

load= 
~in. Hg (abs) 

= 69 % 
39 in. Hg (abs) 

EXAMPLE CALCULATIONS (BSFC) 

Usi«g LHV with 0, (SCFH) LHV x Q 
BSFC (Btu! hp · hr) = f 

blip 

BSFC = 
1,107 Btu 968 SCF 1 9,053 Btu 

X X = 
SCF hr 118 hp hp~hr 

!;!!e. Lack of significant figures may cause round1r1g errors between actual calculallons and example calculations. 
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EXAMPLE CALCULATIONS (RUNS) 

Stack Exhaust Flow (05)- RM19 

J 
Os = 

8,714.27 SCF 972.00 SCF 1,220.09 Btu 
( FFactor x Q1 x HHV ) [ 20.9% X X 

MMBtu hr SCF Qs = x 
1,000,000 20.9%- CC-;><(02) 

l MMBtu t 20.90% 
10,334.52 SCFH x----x 

10!> Btu 20.9%- 0.0 %j 

Moisture Correction 
RM 7E, {02-27-14), 12.10 Moisture Correction. Use Equation 7E-10 if your measurements need to be corrected to a dry basis. (calc for NOx 
analyzer, Run 1, If applicable) Note CalculatJOns may not match as Run 1 results are typ1caJJy also bJas adJusted 

Cw =C0 x(I-B,.) 

CD =~ Eq ?E-10 
C _ 45 03 ppmvw = 56 35ppmvd or Inversely, Cw= 5635 ppmvdx~. 0.20} 45.03 ppmvw l~Bif'S p-1-020 

Diluent-Corrected Pollutant Concentration, 0 2 Based 
RM 20, {11-26-02), 7.3.1 Correction of Pollutant Concentration Using Ol Concentration. Calculate the Oz corrected pollutant concentration, as 
follows: (calc for NOx gas, Run 1, if applicable) [now contained in applicable Subpart] 

C ~ C x ( 20.9%- AdjFactor) 
aaj Gz(IMS.fl) 20.9% -CG;»(02) 

Eq. 20-4 Cadj::: 56.35 ppmx[ 
20.9%. 15.00% l 
20.9%- 0.00 % 

15.91 ppm@15%02 

EXAMPLE CALCULATIONS (RUNS) 

Emissions Rate (lb/hr) 
Calculation for pound per hour emission rate. Calculate, as follows: (calc for NOx gas Run 1, if applicable) 

E - Ceas x QsxMW 
Elblhr= 

56.35 ppm 10,335 SCFH x 46.01 lb/lb-mol 0.07 lb 
X = !brkr- 106 G 

106 ppm/part 385.23 SCF!lb-mol hr 

Emissions Rate (tonlyear) 
Calculation for tons per year emission rate based on 8760 hours per year. Calculate, as follows: (calc for NOx gas Run 1, if applicable) 

E/Mliyr = 
E 10 , h? x Ju:,~:u 

Etonlyr::: 
0.07 Jb 8,760 hr lon 

= 
0.30 )on ----x----x 

2000 hr year 2000 lb year 

Emissions Rate (glhp-hr) 

Calculation for grams per horsepower-hour. Calculate, as follows: (calc for NOx gas Run 1, if applicable} 

E,,hp.hr 
E1bll-.r x453.6 orE1b,/u' x453.6 

11111' X 1341.022 hp ~X 453.6g X 1 0.27 g 
Eglhp-hr = 

hr lb 118 hp hp*hr 

i ca "" ' Nole. Lack of Sign fi nl figures may cause r nd ng errors between actual calcula i '" '" Ions and e pl lculatJOns. 
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RM 7E, (08-15-06), 12.1 Nomenclature. Thetenns used In the equations are defined as follows: 

ACE= Analyzer calibration error, percent of calibrallon span. 

Bws = Moisture content of sample gas as measured by Method 4 or other approved method, percenV100. 

CA"" =Average unadjusted gas concentration indicated by data recorder for the test run. 

C0 = Pollutant concentration adjusted to dry conditions. 

Co;.= Measured concentration of a calibration gas (low, mid, or high) when introduced in~ calibration mode. 

CG., =Average effiuent gas concentration adjusted for bias. 

CM =Average of initial and final system calibration bias (or 2-point system calibration error) check responses for the upscale calibration gas. 

C1,1A =Actual concentration of the upscale calibration gas, ppmv. 

C0 =Average of the in!Ual and final system calibration bias (or 2-point system calibration error) check~ from the low-level (or zero) calibration gas. 

Cs = Measured concentration of a calibration gas (low, mid, or high) when introduced in system calibration mode. 

C55 = Concentration of NOx measured in the spiked saflllle. 

CsP~• = Concentrallon of NOx in the undiluted spike gas. 

Cc.., = Calculated concentration of NOx in the spike gas diluted in the sample. 

Cv = Manufacturer certified concentration of a calibration gas (low, mid, or high). 

Cw = Pollutant concentration measured under moist sample conditions, wet basis. 

CS = Galibration span. 

D = Drift assessment, percent of calibration span. 
EP =The predicted response for the low-level and mid-level gases based on a linear response line between the zero and high-level response. 

EffN02 = NOz to NO converter efficiency, percent. 

H =High calibration gas, designator. 
L = Low calibration gas, designator. 

M = Mid calibration gas, designator. 

NOFinal =The average NO concentration observed with the analyzer in the NO mode during the converter efficiency lest in Sectlon 16.2.2. 

NOxCorr = The NOx concentration corrected for the converter efficiency. 

NOxFinal =The final NOx concentration observed during the converter efficiency test in Section 16.2.2. 

NOxPeak =The highest NOx concentration observed during the converter efficiency test in Section 16.2.2. 

Osr>~<• = Flow rata of spike gas introduced in system calibration mode, Umin. 

Orot.~ =Total sample flow rate during the spike test, Umin. 

R = Spike recovery, percent. 
SB = System bias, percent of callbralion span 

SB; = Pre-run system bias, percent of calibration span. 

SBr = Post-run system bias, percent of calibration span. 

SB I DAI =Alternative absolute difference criteria to pass bias and/or drift checks. 

SCE =System calibration error, percent of calibration span. 
SCE1 = Pre-run system calibration error, percent of calibration span. 

SCE"""' = Post-run system calibration error, percent of calibration span. 

Z =Zero calibration gas, designator. 

40CFR60.355(b}(1), {09·20-06), Nomenclature. The tenns used in the equations are defined as follows: 

P, = reference combustor inlet absolute pressure at 101.3 kilopascals ambient pressure, mm Hg 

P
0 
= observed combustor inlet absolute pressure at test, mm Hg 

H0 =observed humidity of ambient air, g HzOig air 

e =transcendental constant, 2.718 
T. = ambient temperatura, K 

Small Engine and FTIR Nomenclature. The tenns used In the equations are defined as follows: 

bhp = brake horsepower 
hp = horsepower 
a,,.,.= system flow (lpm) 
a,= matrix spike flow {!pm) 

xto-15-multl.ok-eng#B-McCarty 1-36H_805709 
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RM 19, {07·29-06), 12.1 Nomenclature, The terms used in the equations are defined as follows: 

AdjFactor =Percent oxygen or carbon dioxide adjustment applied to a target pollutant 
S....a = Moisture fraclion of ambient air, percent. 

Btu= BrWsh thermal unit 
%0 = ConcentraUon of carbon from an ultimate analysis of fuel, weight percent. 
%002~. %co:?w =COncentration of carbon dioxide on a dry and wet basis, respectively, percent. 
CIP I COP= Combustor inlet pressure I compressor discharge pressure (mm Hg); note, some manufactures reference as PCD. 
E = Pollutant emission rate, ng/J (lblmillion Btu). 
E, =Average pollutant rate for the specified performance test period, ng/J (lb/million Btu). 
E.,, E.;= Average pollutant rate of the control device, outlet and inlet, respectively, for the performance test period, ng/J (lb/million Btu). 
EOl =Pollutant rate from the steam generaling unit, ng/J (lb/million Btu). 
E,. = Pollutant emission rate from the steam generating unll, ng/J (lb/million Btu). 
Ee~ =Pollutant rate in corrbined etnuent, ng/J Ob/m·mon Btu). 
E~ = Pollutant enission rate in combined emuent, ng/J (lb/millfon Btu). 
E~ =Average pollutant rate for each sampling period (e.g.,24-hr Method 68 sample or 24-hr fuel sample) or for each fuel lot (e.g., amount of fuel bunkered), ng/J {lb/miltion Btu; 
E~, =Average inlet S02 rate for each sampling period d, ng/J (lb/million Btu). 
E~ =Pollutant rate from gas turbine, ng/J (lb/million Btu). 
E.,.= Daily geometric average pollutant rate, ng/J (lbs/million Btu) or ppm corrected to 7 percent 0 2• 

E10,E~ = Matched pair hourly arithmetic average pollutant rate, outlet and inlet, respectively, ng/J (lblmillion Btu) or ppm corrected to 7 percent 0 2• 

Eh = Hourly average pollutant, ng/J (lb/million Btu). 
EhJ = Hourly arithmetic average po!lutant rate for hour '1," ng/J (lblmillion Btu) or ppm corrected to 7 percent 0 2• 

EXP = Natural logarithmic base (2.718) raised to the value enclosed by brackets. 
Fe= Ratio of the volume of carbon dioxide produced to the gross calorifiC value of the fuel from Method 19 
Fd, F,., F0 =Volumes of combustion components per unit of heat content, scrr/J (scf/million Btu). 

te =cubic feet 
G = ideal gas conversion factor 

(385.23 SCF!Ib-mo! at68 deg F & 14.696 psia) 
GCM = gross Btu per SCF (constant, compound based) 
GCV =Gross calorific value of the fuel consistent with the utumale analysis, kJ!kg (Biu/lb). 
GCVP, GCV, =Gross calorific value for the product and raw fuel lots, respectively, dry basis, kJ!kg (Btullb). 
%H =Concentration of hydrogen from an utumate analysis of fuel, weight percent. 
Hb = Heat input rate to the steam generating unit from fuels fired in the steam generating unit, Jlhr {mlllion Btulhr). 
H, = Heat input rate to gas turbine from all fuels fired in the gas turbine, Jlhr (million Btulhr}. 
%Hw = Concentration of water from an ultimate analysis of fuel, weight percent 
H, =Total numbers of hours in the performance test period (e.g., 720 hours for 30-day performance test period). 
K =volume of combustion component per pound of component {constant) 

K =Conversion factor, 10-s (kJ/J)/(%) [106 Btu/million Btu]. 
K, = (9.57 scm/kg)/% [(1.53 scfllb)/%]. 

Keo = (2.0 scrrlkg)/% [(0.321 scf/lb)!%]. 

K.... = (22.7 scrr/kg)/% [(3.64 scf/lb)l%]. 
Km-,= (34.74 scm/kg)/% [(5.57 scfllb)l%]. 

!<., = (0.86 scrrlkg)l% [(0.14 scf!lb)/%] 
K, = (2.85 scm/kg)/% {{0.46 scfllb)/%]. 

K. = (3.54 scm/kg)/% {(0.57 scf/lb)l%]. 

K.ul/u( = 2x104 Btulwto/c-MMBtu 
Kw = (1.30 scmlkg}/% [(0.2! scfllb)l%]. 

!b =pound 

In= Natural log of indicated value. 
lp,l, =Weight of the product and raw fuel lots, respectively, metric ton {ton). 
%,1 = Concentration of nitrogen from an ultimate analysis of fuel, weight percent. 
M.,.:: mole percent 

mol= mote 

MW = molecular weight (lbllb-mol) 

MWAJR =molecular weight of air( 28.96251bllb-mole)1 

NCM =net Btu per SCF (constant based on compound) 
%0 =Concentration of oxygen from an ultimate analysis of fuel, weight percent 
%o1d, %0 :1w = Concentration of oxygen on a dry and wet basis, respectively, percent. 
P6 = barometirc pressure, in Hg 

P, =Potential S02 emissions, percent 
%3 = Sulfur content of as-fired fuel tot, dry basis, weight percent. 
s. =Standard deviation of the hourly average pollutant rates for each performance lest period, ng/J (lb/million Btu). 
%sr = Concentration of sulfur from an ultimate analysis of fuel, weight percent. 
S(wt%) =weight percent of sulfur, per lab analysis by appropriate ASTM standard 
S, =Standard deviation of the hourly average inlet pollutant rates for each performance test period, ng/J (lblmil!ion Btu). 
S" = Standard deviation of the hourly average emission rates for each performance test period, ng/J (lb/million Btu). 
%SP, %S, = Sulfur content of the product and raw fuel lots respectively, dry basis, weight percent. 
SCF = standard cubic feet 

SH = specific humidity, pounds of water per pound of air 
t, 95 =Values shown in Table 1g-3 for the indicated number of data points n. 

T.,.., =ambient temperature, "F 
WID Factor= 1.0236 = conv. al14.696 psia and 

68 deg F {ref. Civil Eng. Ref. Manual, 7th Ed.) 
Xc 02=C02 Correction factor, percent. 
Xk = Fraction of total heat input from each type of fuel k. 

xto-15-rrulti.ok-eng#8-McCarty 1-36H _ 805709 
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XTO Energy, Inc. 

Federal Requirements : 40 CFR 60, JJJJ 

Plant Name or Location: McCarty 1-36H 

Date: May 29, 2015 

Project Number: xto-15-multi. ok-eng#8 

Manufacturer & Equipment: Caterpillar 

Model: G3306 TA 

Serial Number: R6S01337 

Unit Number: 805709 

Tester(s) I Test Unit(s): RW/162/208 

RUN 

UNITS 1 2 3 

Start Time hh:mm:ss 11:15:14 12:25:14 13:26:14 

End Time hh:mm:ss 12:14:44 13:24:44 14:25:44 

Bar. Pressure in. Hg 30.51 30.53 30.53 

Amb. Temp. ,F 76 78 78 

Rei. Humidity % 68 69 69 

Spec. Humidity lb water I Jb air 0.012808 0.013902 0.013902 

Engine Fuel Flow SCFH 972 972 960 

Stack Moisture % Calculated 20.09 20.26 20.26 

Brake Horsepower bhp 118 119 119 

Rated Horsepower hp, 203 203 203 

Rated Engine Speed rpm 1,800 1,800 1,800 
Rated Manifold Pressure in. Hg (abs) 38.5 38.5 38.5 
Available Horsepower hp, 171 171 171 

Engine Load % 69 69 69 

Engine Speed rpm 1,520 1,517 1,518 
Air Manifold Pressure psi a 13.0 13.1 13.1 

Air Manifold Temp ,F 112 113 113 

Suction Pressure psi 57.8 57.6 57.8 
Discharge Pressure psi 932 930 928 

Operating Hours hours 4,200 
.. -Brake horsepower based on available horsepower multiplied by load. 

-Available horsepower based on the engine speed ratio (actual vs rated), see 
Engine Spec Sheet. Appendix B. 
-Load based on the air manifold ratio (actual vs rated), see Engine Spec 
Sheet, Appendix B. 

Comp&RATA&Eng-AHI v6.2: January 27,2015 

xto-15-multi.ok-eng#8-McCarty 1-36H_805709 
18of52 



XTO Energy, Inc. 
May 29,2015 

Caterpillar, G3306 TA, Unit #805709, Serial #R6S01337 
McCarty 1 -36H 

Run· 1 
Date/Time Elapsed Time Oz NOx co voc 

(mm/dd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd) (ppmvw) 
05/29/1511:15:14 63404 0.02 42.76 247.80 12.79 
05/29/15 11:15:44 63434 0.03 30.90 230.92 12.81 
05/29/15 11:16:14 63464 0.03 59.33 392.49 12.86 
05/29/15 11:16:44 63494 0.02 76.21 501.87 11.89 
05/29/1511:17:14 63524 0.02 84.82 324.96 9.52 
05/29/15 11:17:44 63554 0.02 89.82 343.70 9.36 
05/29/1511:18:14 63584 0.02 87.57 660.28 9.45 
05/29/15 11:18:44 63614 0.02 104.28 494.48 9.50 
05/29/1511:19:14 63644 0.02 92.50 370.72 9.45 
05/29/15 11:19:44 63674 0.02 79.50 583.42 9.29 
05/29/1511:20:14 63704 0.02 142.11 812.28 9.39 
05/29/15 11:20:44 63734 0.03 137.46 680.61 9.72 
05/29/1511:21:14 63764 0.02 119.13 662.77 9.62 
05/29/15 11:21:44 63794 0.02 43.41 684.42 9.38 
05/29/15 11 :22:14 63824 0.02 86.37 589.86 9.44 
05/29/15 11 :22:44 63854 0.02 61.51 843.13 9.58 
05/29/1511:23:14 63884 0.02 54.48 838.42 9.54 
05/29/15 11:23:44 63914 0.02 73.07 957.45 9.43 
05/29/15 11:24:14 63944 0.02 146.32 586.16 9.36 
05/29/15 11:24:44 63974 0.02 37.34 549.28 11.90 
05/29/1511:25:14 64004 0.02 89.96 870.91 16.90 
05/29/15 11 :25:44 64034 0.02 84.53 471.20 16.89 
05/29/1511:26:14 64064 0.02 82.65 491.87 16.96 
05/29/15 11 :26:44 64094 0.01 32.65 545.59 16.97 
05/29/1511:27:14 64124 0.02 50.13 547.38 16.98 
05/29/15 11:27:44 64154 0.02 205.50 688.25 16.92 
05/29/1511:28:14 64184 0.02 139.64 471.55 16.97 
05/29/15 11 :28:44 64214 0.02 51.53 573.67 14.82 
05/29/15 11 :29:14 64244 0.02 40.33 1,126.81 10.68 
05/29/15 11 :29:44 64274 0.01 51.39 1,078.16 10.72 
05/29/1511:30:14 64304 0.01 82.60 845.41 10.63 
05/29/15 11:30:44 64334 0.02 95.58 458.00 10.39 
05/29/15 11:31:14 64364 0.02 89.43 554.84 10.36 
05/29/15 11:31:44 64394 0.02 116.64 794.66 10.61 
05/29/15 11 :32:14 64424 0.02 85.06 770.06 10.56 
05/29/15 11:32:44 64454 0.02 148.88 801.88 9.81 
05/29/1511:33:14 64484 0.01 90.46 789.81 8.44 
05/29/15 11:33:44 64514 0.01 83.04 870.58 8.54 
05/29/1511:34:14 64544 0.01 46.55 785.19 8.47 
05/29/15 11:34:44 64574 0.01 29.37 1,055.91 8.32 
05/29/1511:35:14 64604 0.01 52.15 734.38 8.31 
05/29/15 11 :35:44 64634 0.01 44.86 241.22 8.48 
05/29/1511:36:14 64664 0.01 31.12 403.88 8.46 
05/29/15 11:36:44 64694 0.01 41.59 383.59 10.38 
05/2911511:37:14 64724 0.01 43.63 267.74 13.99 
05/29/15 11:37:44 64754 0.01 123.76 642.84 14.03 
05/29/15 11:38:14 64784 0.01 80.98 590.86 13.98 
05/29/15 11:38:44 64814 0.01 30.67 370.96 13.70 
05/29/1511:39:14 64844 0.01 37.71 325.64 13.77 
05/29/15 11:39:44 64874 0.01 109.18 275.96 14.10 
05/29/15 11 :40:14 64904 0.01 52.52 164.32 14.05 

xto-15-multi.ok-eng#8-McCarty 1 -36H_805709 
19of52 

App. B 



XTO Energy, Inc. 
May 29,2015 

Caterpillar, G3306 TA, Unit #805709, Serial #R6S01337 
McCarty 1-36H 

Run- 1 
Date/Time Elapsed Time o, NOx co voc 

(mm/dd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd) (ppmvw) 
05/29/15 11:40:44 64934 0.01 48.17 258.51 12.99 
05/29/1511:41:14 64964 0.01 57.90 415.65 11.08 
05/29115 11:41:44 64994 0.01 49.59 314.84 10.99 
05/29/15 11:42:14 65024 0.01 56.14 415.82 10.95 
05/29/15 11:42:44 65054 0.01 48.80 296.01 10.96 
05/29/15 11:43:14 65084 0.01 31.91 237.94 10.90 
05/29/15 11 :43:44 65114 0.01 33.70 243.96 10.85 
05/29/1511:44:14 65144 0.01 40.96 264.01 10.91 
05/29/15 11:44:44 65174 0.01 51.23 181.45 10.51 
05/29/1511:45:14 65204 0.01 32.93 369.54 9.50 
05/29/15 11 :45:44 65234 0.01 16.83 570.13 9.43 
05/29/15 11 :46:14 65264 0.01 24.71 403.01 9.37 
05/29/15 11:46:44 65294 0.01 40.40 232.35 9.31 
05/29/15 11:47:14 65324 0.01 22.77 428.41 9.30 
05/29/15 11:47:44 65354 0.01 78.70 409.29 9.53 
05/29/15 11 :48:14 65384 0.01 34.40 212.38 9.53 
05/29/15 11 :48:44 65414 0.01 24.94 606.44 9.25 
05/29/15 11 :49: 14 65444 0.01 47.21 338.95 8.56 
05/29/15 11:49:44 65474 0.01 53.98 243.54 8.57 
05/29/1511:50:14 65504 0.01 22.45 548.70 8.59 
05/29/15 11:50:44 65534 0.01 38.79 305.25 8.33 
05/29/1511:51:14 65564 0.01 39.18 191.71 8.26 
05/29/15 11:51:44 65594 0.01 66.57 200.95 8.32 
05/29/15 11:52:14 65624 0.01 31.74 249.81 8.36 
05/29/15 11:52:44 65654 0.01 31.93 224.64 9.04 
05/29/1511:53:14 65684 0.01 41.46 145.15 9.93 
05/29/15 11:53:44 65714 0.01 16.00 265.68 9.81 
05/29/1511:54:14 65744 0.01 15.47 422.05 9.89 
05/29115 11:54:44 65774 0.01 26.76 321.27 10.07 
05/29/1511:55:14 65804 0.01 50.22 274.84 9.96 
05/29/15 11:55:44 65834 0.01 32.22 130.95 9.84 
05/29/1511:56:14 65864 0.01 31.22 245.03 9.82 
05/29/15 11:56:44 65894 0.01 39.90 323.47 10.01 
05/29/1511:57:14 65924 0.01 35.15 310.55 10.39 
05/29/15 11:57:44 65954 0.00 34.69 247.11 10.50 
05/29/1511:58:14 65984 0.00 40.47 111.26 10.45 
05/29/15 11:58:44 66014 0.01 40.42 219.87 10.56 
05/29/1511:59:14 66044 0.01 78.93 402.10 10.50 
05/29/15 11:59:44 66074 0.00 82.77 387.56 10.23 
05/29/1512:00:14 66104 0.00 55.01 521.30 10.23 
05/29/15 12:00:44 66134 0.00 27.99 209.21 10.36 
05/29/15 12:01:14 66164 0.01 51.00 318.45 10.77 
05/29/1512:01:44 66194 0.01 63.42 304.95 11.08 
05/29/15 12:02:14 66224 0.00 51.79 233.01 10.98 
05/29/15 12:02:44 66254 0.01 19.47 233.44 10.83 
05/29/15 12:03:14 66284 0.01 55.21 243.10 10.81 
05/29/15 12:03:44 66314 0.00 47.03 328.16 11.00 
05/29/15 12:04:14 66344 0.00 40.75 285.91 10.97 
05/29/15 12:04:44 66374 0.00 27.79 197.53 10.78 
05/29/1512:05:14 66404 0.00 45.73 293.13 10.52 
05/29/15 12:05:44 66434 0.00 97.25 174.45 10.50 
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XTO Energy, Inc. 
May 29, 2015 

Caterpillar, G3306 TA, Unit #805709, Serial #R6S01337 
McCarty 1-36H 

Run- 1 
Date/Time Elapsed Time o, NOx co voc 

(mm/dd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd) (ppmvw) 
05/29/15 12:06:14 66464 0.01 19.18 355.22 10.47 
05/29/15 12:06:44 66494 0.00 50.43 469.73 10.28 
05/29/15 12:07:14 66524 0.01 16.96 353.94 10.33 
05/29/15 12:07:44 66554 0.00 16.91 247.22 10.50 
05/29/15 12:08:14 66584 0.01 25.35 194.88 10.48 
05/29/1512:08:44 66614 0.00 31.66 78.94 11.14 
05/29/1512:09:14 66644 0.00 10.18 404.95 12.42 
05/29/15 12:09:44 66674 0.00 23.89 552.67 12.25 
05/29/15 12:10:14 66704 0.00 35.47 229.73 12.33 
05/29/15 12:10:44 66734 0.00 50.02 221.45 12.76 
05/29/1512:11:14 66764 0.00 41.97 204.36 12.61 
05/29/15 12:11:44 66794 0.00 27.74 361.97 12.34 
05/29/1512:12:14 66824 0.01 24.51 265.80 12.29 
05/29/15 12:12:44 66854 0.00 38.96 236.18 11.90 
05/29/1512:13:14 66884 0.00 19.30 326.58 11.37 
05/29/15 12:13:44 66914 0.00 21.99 591.89 11.38 
05/29/1512:14:14 66944 0.01 31.06 303.87 11.31 
05/29/15 12:14:44 66974 0.00 43.87 123.92 11.30 

RAW AVERAGE 0.01 55.80 426.54 10.92 

o, NOx co voc 
Serial Number: INST-02-0012 INST-NX-0012 INST-C0-0016 INST-VC-0002 

(%) (ppmvd) (ppmvd) (ppmvw) 
Initial Zero 0.04 0.17 0.25 0.00 
Final Zero 0.12 1.65 0.68 0.00 

"' 
Avg. Zero 0.08 0.91 0.47 0.00 .. 

iii 
Initial UpScale 11.93 244.38 247.16 25.01 
Final UpScale 11.91 246.49 245.60 25.17 
Avg. UpScale 11.92 245.44 246.38 25.09 

Upscale Cal Gas 11.92 251.00 251.00 24.95 

EMISSIONS DATA o, NOx co voc 
Corrected Raw Average (ppm/% dry basis) 0.00 56.35 434.88 13.59 
Corrected Raw Average (ppm/% wet basis) 0.00 44.84 347.41 10.86 
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Caterpillar, G3306 TA, Unit #805709, Serial #R6S01337 
McCarty 1-36H 

Run- 2 
Date/Time Elapsed Time 02 NOx co voc 

(mm/dd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd) (ppmvw) 
05/29/15 12:25:14 67604 0.00 8.38 321.34 8.87 
05/29/15 12:25:44 67634 0.00 19.00 278.02 8.84 
05/29/1512:26:14 67664 0.00 16.45 139.57 8.86 
05/29/15 12:26:44 67694 0.00 9.71 206.48 8.90 
05/29/1512:27:14 67724 0.06 11.82 466.55 8.87 
05/29/1512:27:44 67754 0.08 21.47 200.20 8.75 
05/29/15 12:28:14 67784 0.08 17.13 147.09 8.92 
05/29/15 12:28:44 67814 0.08 19.99 133.27 10.11 
05/29/15 12:29:14 67844 0.08 30.64 561.48 11.69 
05/29/15 12:29:44 67874 0.08 13.38 251.95 11.22 
05/29/15 12:30:14 67904 0.08 121.47 148.70 11.23 
05/29/15 12:30:44 67934 0.08 17.04 167.31 11.52 
05/29/1512:31:14 67964 0.08 13.25 390.75 11.54 
05/29/1512:31:44 67994 0.08 14.80 285.09 11.30 
05/29/15 12:32:14 68024 0.08 19.18 205.20 11.34 
05/29/15 12:32:44 68054 0.08 35.22 144.35 10.72 
05/29/1512:33:14 68084 0.08 31.48 107.74 9.50 
05/29/15 12:33:44 68114 0.08 17.41 199.48 9.47 
05/29/1512:34:14 68144 0.08 26.31 174.64 9.47 
05/29/15 12:34:44 68174 0.08 42.14 245.04 9.53 
05/29/15 12:35:14 68204 0.08 22.17 403.22 9.56 
05/29/15 12:35:44 68234 0.08 28.83 302.12 9.65 
05/29/15 12:36:14 68264 0.08 20.05 127.74 9.51 
05/29/15 12:36:44 68294 0.08 36.57 340.47 9.71 
05/29/15 12:37:14 68324 0.08 22.54 370.10 9.99 
05/29/15 12:37:44 68354 0.08 24.37 792.98 10.03 
05/29/1512:38:14 68384 0.08 38.01 319.25 9.93 
05/29/15 12:38:44 68414 0.08 11.29 346.90 9.81 
05/29/15 12:39:14 68444 0.08 16.99 418.99 9.83 
05/29/15 12:39:44 68474 0.08 14.91 300.90 9.99 
05/29/1512:40:14 68504 0.08 24.06 118.03 9.93 
05/29/15 12:40:44 68534 0.08 15.88 275.23 9.72 
05/29/1512:41:14 68564 0.08 78.82 375.02 9.14 
05/29/15 12:41:44 68594 0.08 44.76 435.13 9.12 
05/29/15 12:42:14 68624 0.08 30.51 386.39 9.02 
05/29/15 12:42:44 68654 0.08 17.86 325.46 8.93 
05/29/15 12:43:14 68684 0.08 19.32 556.91 8.99 
05/29/15 12:43:44 68714 0.08 16.05 672.09 9.07 
05/29/15 12:44:14 68744 0.08 15.38 255.73 8.97 
05/29/1512:44:44 68774 0.08 20.44 231.80 9.00 
05/29/1512:45:14 68804 0.08 99.09 154.29 8.98 
05/29/1512:45:44 68834 0.08 33.52 205.23 8.93 
05/29/15 12:46:14 68864 0.08 19.73 294.27 8.94 
05/29115 12:46:44 68894 0.08 15.55 290.52 8.82 
05/29/15 12:47:14 68924 0.08 18.11 366.05 8.87 
05/29/1512:47:44 68954 0.08 20.02 315.66 8.85 
05/29/1512:48:14 68984 0.08 17.98 369.53 8.84 
05/29/15 12:48:44 69014 0.08 35.01 353.51 9.40 
05/29/15 12:49:14 69044 0.08 13.69 156.35 10.32 
05/29/15 12:49:44 69074 0.08 34.95 330.04 10.42 
05/29/15 12:50:14 69104 0.08 27.52 459.91 10.46 
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Caterpillar, G3306 TA, Unit #805709, Serial #R6S01337 
McCarty 1-36H 

Run- 2 
Date/Time Elapsed Time o, NOx co voc 

(mm/dd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd) (ppmvw) 
05/29/1512:50:44 69134 0.07 40.72 371.09 10.45 
05/29/1512:51:14 69164 0.08 15.16 435.38 10.39 
05/29/1512:51:44 69194 0.08 15.52 273.20 10.20 
05/29/15 12:52:14 69224 0.07 25.13 256.13 10.20 
05/29/1512:52:44 69254 0.08 25.75 420.19 9.51 
05/29/1512:53:14 69284 0.08 21.90 445.88 8.36 
05/29/1512:53:44 69314 0.08 18.99 432.16 8.52 
05/29/15 12:54:14 69344 0.07 22.83 212.92 8.45 
05/29/1512:54:44 69374 0.07 9.96 167.09 8.46 
05/29/15 12:55:14 69404 0.08 25.00 500.38 8.45 
05/29/15 12:55:44 69434 0.08 68.66 283.02 8.36 
05/29/15 12:56:14 69464 0.08 16.00 198.91 8.37 
05/29/15 12:56:44 69494 0.07 19.39 328.45 8.81 
05/29/15 12:57:14 69524 0.07 14.20 295.34 9.51 
05/29/15 12:57:44 69554 0.08 55.80 124.83 9.47 
05/29/15 12:58:14 69584 0.08 31.11 93.52 9.43 
05/29/15 12:58:44 69614 0.08 10.64 262.84 9.29 
05/29/15 12:59:14 69644 0.08 24.99 397.88 9.34 
05/29/15 12:59:44 69674 0.07 20.95 300.59 9.44 
05/29/1513:00:14 69704 0.07 12.09 457.25 9.52 
05/29/15 13:00:44 69734 0.08 18.73 227.20 9.67 
05/29/1513:01:14 69764 0.07 29.91 47.70 9.98 
05/29/15 13:01 :44 69794 0.08 17.08 411.45 9.94 
05/29/1513:02:14 69824 0.08 63.68 794.34 10.01 
05/29/15 13:02:44 69854 0.07 39.11 247.52 9.75 
05/29/1513:03:14 69884 0.07 19.51 322.06 9.70 
05/29/15 13:03:44 69914 0.07 51.32 273.36 9.75 
05/2911513:04:14 69944 0.07 21.65 343.18 9.73 
05/29/15 13:04:44 69974 0.08 33.60 267.55 9.26 
05/29/15 13:05:14 70004 0.08 25.20 255.86 8.40 
05/29/15 13:05:44 70034 0.08 21.82 187.34 8.59 
05/29/15 13:06:14 70064 0.08 24.12 131.04 8.46 
05/29/15 13:06:44 70094 0.08 15.58 325.20 8.28 
05/29/1513:07:14 70124 0.08 25.18 477.78 8.33 
05/29/15 13:07:44 70154 0.08 85.53 269.65 8.44 
05/29/15 13:08:14 70184 0.07 47.04 238.14 8.42 
05/29/15 13:08:44 70214 0.08 10.26 422.26 10.16 
05/29/1513:09:14 70244 0.08 49.23 288.19 12.95 
05/29/15 13:09:44 70274 0.08 43.07 154.75 13.04 
05/29/1513:10:14 70304 0.08 9.82 265.20 13.07 
05/2911513:10:44 70334 0.08 29.09 459.70 13.00 
05/29/1513:11:14 70364 0.08 39.54 393.18 12.96 
05/29/1513:11:44 70394 0.08 23.71 225.89 12.80 
05/29/1513:12:14 70424 0.08 26.63 294.81 12.88 
05/29/15 13:12:44 70454 0.08 65.67 246.22 11.89 
05/29/15 13:13:14 70484 0.07 17.90 212.71 9.94 
05/29/15 13:13:44 70514 0.08 18.65 263.38 9.73 
05/29/15 13:14:14 70544 0.08 12.91 239.30 9.72 
05/29/15 13:14:44 70574 0.08 22.17 505.32 9.80 
05/29/1513:15:14 70604 0.08 22.52 471.24 9.85 
05/29/15 13:15:44 70634 0.08 44.40 181.50 10.04 
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Caterpillar, G3306 TA, Unit#805709, Serial #R6S01337 
McCarty 1-36H 

Run -2 
Date/Time Elapsed Time 02 NOx co voc 

(mm/dd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd) (ppmvw) 
05/29/1513:16:14 70664 0.08 30.56 152.73 10.04 
05/29/1513:16:44 70694 0.08 23.68 338.13 9.74 
05/29/15 13:17:14 70724 0.08 27.39 190.98 9.12 
05/29/15 13:17:44 70754 0.08 12.97 284.11 8.84 
05/29/1513:18:14 70784 0.08 12.16 326.12 8.90 
05/29/1513:18:44 70814 0.08 16.04 326.01 8.97 
05/29/1513:19:14 70844 0.08 19.63 253.26 8.96 
05/29/15 13:19:44 70874 0.08 11.94 310.51 8.91 
05/29/15 13:20:14 70904 0.08 38.29 470.35 8.85 
05/29/15 13:20:44 70934 0.08 45.09 210.18 8.86 
05/29/15 13:21:14 70964 0.08 18.34 332.59 8.85 
05/29/15 13:21:44 70994 0.08 55.24 463.02 9.04 
05/29/1513:22:14 71024 0.08 16.57 127.30 8.95 
05/29/15 13:22:44 71054 0.08 12.58 230.02 9.10 
05/29/15 13:23:14 71084 0.08 18.57 361.03 9.13 
05/29/15 13:23:44 71114 0.07 28.74 279.89 8.99 
05/29/15 13:24:14 71144 0.08 49.42 268.68 9.01 
05/29/15 13:24:44 71174 0.08 140.31 166.52 9.25 

RAW AVERAGE 0.08 28.39 301.80 9.67 

02 NOx co voc 
Serial Number: INST-02-0012 INST-NX-0012 INST-C0-0016 INST-VC-0002 

(%) (ppmvd) (ppmvd) (ppmvw) 
Initial Zero 0.04 0.17 0.25 0.00 
Final Zero 0.12 1.65 0.68 0.00 

UJ Avg. Zero 0.08 0.91 0.47 0.00 
"' iii 

Initial UpScale 11.93 244.38 247.16 25.01 
Final UpScale 11.91 246.49 245.60 25.17 
Avg. UpScale 11.92 245.44 246.38 25.09 

Upscale Cal Gas 11.92 251.00 251.00 24.95 

EMISSIONS DATA 02 NOx co voc 
Corrected Raw Average (ppm/% dry basis) 0.00 28.21 307.56 12.06 
Corrected Raw Average (ppm/% wet basis) 0.00 22.31 245.14 9.61 
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Caterpillar, G3306 T A, Unit #805709, Serial #R6S01337 
McCarty 1-36H 

Run- 3 
Date/Time Elapsed Time Oz NOx co voc 

(mm/dd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd) (ppmvw) 
05/29/1513:26:14 71264 0.08 61.63 534.86 9.37 
05/29/15 13:26:44 71294 0.08 19.75 218.45 9.78 
05/29/15 13:27:14 71324 0.08 15.79 145.29 9.73 
05/29/15 13:27:44 71354 0.08 14.08 126.57 9.59 
05/29/15 13:28:14 71384 0.08 13.24 108.39 9.58 
05/29115 13:28:44 71414 0.08 26.63 163.91 9.14 
05/29/15 13:29:14 71444 0.08 64.00 130.68 8.14 
05/29/15 13:29:44 71474 0.08 16.77 130.03 7.98 
05/29/15 13:30:14 71504 0.08 22.08 234.26 7.92 
05/29/15 13:30:44 71534 0.07 66.75 126.45 7.89 
05/29/1513:31:14 71564 0.08 9.04 243.62 7.83 
05/29/1513:31:44 71594 0.08 52.71 438.38 7.81 
05/29/1513:32:14 71624 0.08 36.35 221.96 7.82 
05/29/15 13:32:44 71654 0.08 24.88 424.72 7.92 
05/29/1513:33:14 71684 0.08 21.19 506.41 7.59 
05/29/15 13:33:44 71714 0.08 17.89 459.27 7.45 
05/29/15 13:34:14 71744 0.08 20.89 273.24 7.48 
05/29/15 13:34:44 71774 0.08 30.28 132.24 7.56 
05/29/1513:35:14 71804 0.08 14.54 282.76 7.60 
05/29/15 13:35:44 71834 0.08 18.66 393.79 7.50 
05/29/1513:36:14 71864 0.07 72.09 236.34 7.45 
05/29/15 13:36:44 71894 0.08 19.48 221.87 7.93 
05/29/1513:37:14 71924 0.07 145.24 128.96 9.25 
05/29/15 13:37:44 71954 0.07 19.89 106.95 9.44 
05/29/1513:38:14 71984 0.08 11.68 415.84 9.45 
05/29/15 13:38:44 72014 0.08 24.18 367.84 9.29 
05/29/15 13:39:14 72044 0.08 16.89 198.77 9.41 
05/29/15 13:39:44 72074 0.08 22.13 137.04 9.73 
05/29/1513:40:14 72104 0.08 12.12 182.97 9.77 
05/29/15 13:40:44 72134 0.08 17.21 197.26 9.37 
05/29/1513:41:14 72164 0.07 19.67 216.57 8.64 
05/29/15 13:41 :44 72194 0.07 14.65 281.64 8.44 
05/29/1513:42:14 72224 0.07 32.28 143.94 8.51 
05/29/15 13:42:44 72254 0.07 15.56 196.54 8.69 
05/29/1513:43:14 72284 0.07 25.53 172.55 8.64 
05/29/15 13:43:44 72314 0.08 12.83 180.53 8.55 
05/29/1513:44:14 72344 0.08 104.44 374.38 8.56 
05/29/15 13:44:44 72374 0.08 20.48 274.84 8.38 
05/29/1513:45:14 72404 0.08 13.71 236.95 8.39 
05/29/15 13:45:44 72434 0.08 20.78 183.63 8.44 
05/29/15 13:46:14 72464 0.08 30.16 206.20 8.44 
05/29/15 13:46:44 72494 0.08 14.11 222.46 8.42 
05/29/15 13:47:14 72524 0.08 36.62 308.77 8.42 
05/29/15 13:47:44 72554 0.07 66.45 177.38 8.25 
05/29/15 13:48:14 72584 0.08 21.93 175.36 8.26 
05/29/15 13:48:44 72614 0.08 72.91 111.28 8.87 
05/29/1513:49:14 72644 0.08 14.18 112.86 9.85 
05/29/15 13:49:44 72674 0.08 10.45 595.47 10.03 
05/29/1513:50:14 72704 0.07 29.25 288.21 9.93 
05/29/15 13:50:44 72734 0.08 9.95 262.77 9.73 
05/29/1513:51:14 72764 0.08 36.42 549.80 9.84 
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May 29, 2015 

Caterpillar, G3306 TA, Unit#805709, Serial #R6S01337 
McCarty 1-36H 

Run- 3 
Date/Time Elapsed Time 02 NOx co voc 

(mm/dd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd) (ppmvw) 
05/29/15 13:51:44 72794 0.08 45.76 219.71 9.84 
05/29/15 13:52:14 72824 0.08 12.06 177.34 9.84 
05/29/15 13:52:44 72854 0.08 24.73 97.27 10.15 
05/29/1513:53:14 72884 0.07 13.48 216.68 10.38 
05/29115 13:53:44 72914 0.08 25.43 414.70 10.29 
05/29/15 13:54:14 72944 0.08 18.39 478.77 10.31 
05/29/15 13:54:44 72974 0.08 29.34 426.44 10.32 
05/29115 13:55:14 73004 0.08 18.96 409.66 10.32 
05/29/15 13:55:44 73034 0.08 16.27 503.70 10.50 
05/29/1513:56:14 73064 0.08 30.74 264.30 10.46 
05/29/15 13:56:44 73094 0.08 45.82 173.76 9.76 
05/29/15 13:57:14 73124 0.08 31.56 294.59 8.81 
05/29/15 13:57:44 73154 0.08 33.54 237.10 8.77 
05/29115 13:58:14 73184 0.08 17.95 206.74 8.80 
05/29/15 13:58:44 73214 0.08 13.41 253.18 8.70 
05/29/15 13:59:14 73244 0.08 15.00 616.42 8.76 
05/29/15 13:59:44 73274 0.08 32.99 421.71 9.01 
05/29115 14:00:14 73304 0.08 22.37 396.58 9.02 
05/29/1514:00:44 73334 0.10 25.09 343.41 8.41 
05/29/1514:01:14 73364 0.09 27.57 405.97 7.48 
05/29/15 14:01:44 73394 0.08 39.36 216.27 7.39 
05/29/15 14:02:14 73424 0.08 13.92 392.96 7.35 
05/29/15 14:02:44 73454 0.09 10.46 434.57 7.33 
05/29/1514:03:14 73484 0.08 44.91 458.07 7.33 
05/29/1514:03:44 73514 0.08 29.18 214.67 7.46 
05/29/15 14:04:14 73544 0.09 22.03 157.05 7.48 
05/29/15 14:04:44 73574 0.08 38.96 157.37 8.92 
05/29/15 14:05:14 73604 0.08 27.98 206.03 11.49 
05/29/15 14:05:44 73634 0.09 20.05 484.90 11.48 
05/29/1514:06:14 73664 0.07 30.04 295.75 11.40 
05/29/15 14:06:44 73694 0.08 15.34 190.67 11.19 
05/29/15 14:07:14 73724 0.08 22.77 527.08 11.38 
05/29/15 14:07:44 73754 0.08 18.97 289.19 11.73 
05/29/15 14:08:14 73784 0.08 19.37 244.66 11.62 
05/29/1514:08:44 73814 0.08 32.52 114.07 10.31 
05/29/1514:09:14 73844 0.08 14.66 427.63 8.46 
05/29/1514:09:44 73874 0.08 22.23 239.93 8.20 
05/29/15 14:10:14 73904 0.07 19.89 284.71 8.28 
05/29/15 14:10:44 73934 0.08 13.83 506.63 8.53 
05/29/1514:11:14 73964 0.08 16.64 350.63 8.53 
05/29/1514:11:44 73994 0.07 25.46 180.42 8.41 
05/29/15 14:12:14 74024 0.07 18.05 194.91 8.48 
05/29/15 14:12:44 74054 0.08 48.65 193.76 8.36 
05/29/15 14:13:14 74084 0.08 35.35 144.50 7.69 
05/29/15 14:13:44 74114 0.07 26.35 189.08 7.44 
05/29/1514:14:14 74144 0.07 20.58 218.68 7.46 
05/29/1514:14:44 74174 0.08 14.33 113.10 7.54 
05/29/1514:15:14 74204 0.08 16.47 264.59 7.53 
05/29/15 14:15:44 74234 0.08 41.00 245.45 7.50 
05/29/15 14:16:14 74264 0.08 31.16 237.87 7.45 
05/29/1514:16:44 74294 0.08 13.66 310.44 7.59 
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Caterpillar, G3306 TA, Unit #805709, Serial #R6S01337 
McCarty 1-36H 

Run- 3 
Date/Time Elapsed Time Oz NOx co voc 

(mmldd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd) (ppmvw) 
05/29/15 14:17:14 74324 0.08 82.51 173.60 7.43 
05/29115 14:17:44 74354 0.08 19.72 190.09 7.25 
05/29/15 14:18:14 74384 0.08 95.76 235.89 7.30 
05/29/15 14:18:44 74414 0.08 19.16 130.86 7.25 
05/29/15 14:19:14 74444 0.08 8.90 195.62 7.35 
05/29/15 14:19:44 74474 0.08 12.02 151.52 7.46 
05/29/15 14:20:14 74504 0.08 19.11 371.19 7.52 
05/29/15 14:20:44 74534 0.08 57.59 431.77 7.41 
05/29/15 14:21:14 74564 0.08 17.34 314.97 7.06 
05/29/1514:21:44 74594 0.08 70.32 157.23 7.06 
05/29/1514:22:14 74624 0.08 24.12 138.27 6.95 
05/29/15 14:22:44 74654 0.08 10.18 366.05 6.71 
05/29/15 14:23:14 74684 0.08 14.99 186.22 6.74 
05/29/15 14:23:44 74714 0.08 22.80 147.13 6.99 
05/29/15 14:24:14 74744 0.08 12.55 144.24 6.93 
05/29/15 14:24:44 74774 0.08 21.68 451.79 7.22 
05/29115 14:25:14 74804 0.08 18.37 437.77 7.81 
05/29/1514:25:44 74834 0.08 28.23 265.48 7.91 

RAW AVERAGE 0.08 28.09 269.12 8.61 

Oz NOx co voc 
Serial Number: INST-02-0012 INST-NX-0012 INST-C0-0016 INST-VC-0002 

(%) (ppmvd) (ppmvd) (ppmvw) 
Initial Zero 0.04 0.17 0.25 0.00 
Final Zero 0.12 1.65 0.68 0.00 

"' 
Avg. Zero 0.08 0.91 0.47 0.00 .. 

iii 
Initial UpScale 11.93 244.38 247.16 25.01 
Final UpScale 11.91 246.49 245.60 25.17 
Avg. UpScale 11.92 245.44 246.38 25.09 

Upscale Cal Gas 11.92 251.00 251.00 24.95 

EMISSIONS DATA 02 NOx co voc 
Corrected Raw Average (ppm/% dry basis) 0.00 27.90 274.21 10.74 
Corrected Raw Average (ppm/% wet basis) 0.00 22.05 218.55 8.57 

xto-15-multi.ok-eng#8-McCarty 1-36H_805709 
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G3306 TA GAS ENGINE SITE SPECIFIC TECHNICAL DATA 
C.I\TERPILLAR• 

GAS COMPRESSION APPLICATION 

ENGINE SPEED (rpm): 1800 FUEL SYSTEM: HPG IMPCO 
COMPRESSION RATIO: 8.0:1 WITH CUSTOMER SUPPLIED AIR FUEL RATIO CONTROL 
AFTERCOOLER WATER INLET ('F): 
JACKET WATER OUTLET ('F): 
COOLING SYSTEM: 
IGNITION SYSTEM: 
EXHAUST MANIFOLD: 
COMBUSTION: 
EXHAUST 02 EMISSION LEVEL%: 
SET POINT TIMING: 

130 
210 
JW+OC,AC 
MAG 
we 
Catalyst 
0.5 
35.0 

SITE CONDITIONS: 
FUEL: 
FUEL PRESSURE RANGE(psig): 
FUEL METHANE NUMBER: 
FUEL LHV (Btu/seQ: 
AL TITUDE(ft): 
MAXIMUM INLET AIR TEMPERATURE("F): 
NAMEPLATE RATING: 

Nat Gas 
12.0-24.9 

84.8 
905 
500 

77 
203 bhp@1800rpm 

MAXIMUM SITE RATING. AT MAXIMUM INLET AIR 
RATING . 

RATING NOTES LOAD 100% 100% 
ENGINE POWER (1) bhp 203 203 
INLET AIR TEMPERATURE "F 77 77 

ENGINE DATA 
FUEL CONSUMPTION (LHV) (2) Btu/bhp-hr 8098 8098 
FUEL CONSUMPTION (HHV) (2) Btu/bhp-hr 8983 8983 
AIRFLOW (3)(4) lb/hr 1351 1351 
AIR FLOW WET (77"F, 14.7 psia) (3)(4) scfm 305 305 
INLET MANIFOLD PRESSURE (5) in Hg(abs) 38.5 38.5 
EXHAUST STACK TEMPERATURE (6) "F 1064 1064 
EXHAUST GAS FLOW(@ stack temp, 14.5 psia) (7)(4) ft3/min 970 970 
EXHAUST GAS MASS FLOW (7li4i lb/hr 1434 1434 

EMISSIONS DATA 
NOx (as N02) (8) g/bhp-hr 16.57 16.57 
co (8) g/bhp-hr 16.57 16.57 
THC (moL wt. of 15.84) (8) g/bhp-hr 1.20 1.20 
NMHC (moL wt. of 15.84) (8) g/bhp-hr 0.18 0.18 
NMNEHC (VOCs) (moL wt. of 15.84) (8)(9) g/bhp-hr 0.12 0.12 
HCHO (Formaldehyde) (8) g/bhp-hr 0.25 0.25 
C02 (8) g/bhp-hr 511 511 
EXHAUST OXYGEN (10) %DRY 0.5 0.5 

HEAT REJECTION 
HEAT REJ. TO JACKET WATER (JW) (11) Btu/min 9045 9045 
HEAT REJ. TO ATMOSPHERE (11) Btu/min 1095 1095 
HEAT REJ. TO LUBE OIL (OC) (11) Btu/min 1430 1430 
HEAT REJ. TO AFTERCOOLER lAC) I !111(121 Btu/min 515 515 

HEAT EXCHANGER SIZING CRITERIA 
TOTAL JACKET WATER CIRCUIT (JW+OC) (12) II Btu/min I 11666 
TOTAL AFTER COOLER CIRCUIT (AC) I (12)(131 Btu/min 540 
A coolin system safety factor of 0% has been added to the heat exchanger sizing criteria. 

CONDITIONS AND DEFINITIONS 
Engine ratlng obtained and presented in accordance with ISO 304611, adjusted for fuel, site altitude and site inlet air temperature. 
100"/o rating at maximum ·mtet air temperature is the maximum engine capability for the specified fuel at site altitude and maximum site inlet air temperature. 
Max. rating is the maldmum capability for the specified fuel at site altitude and reduced inlet air temperature. 
Lowest load point is the lowest continuous duty operating load allowed. No o~rload permitted at rating shown. 

For notes information consult page three. 

PREPARED BY: 
Data generated by Gas Engine Rating Pro Version 3.02.00 
Ref. Data Set DM5202-03-001, Printed 13Feb2009 
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TEMPERATURE 
75% 50% 
152 101 
77 77 

8442 9195 
9364 10199 
1080 788 
243 178 
32.3 24.9 
1030 988 
756 536 

1144 835 

16.27 13.78 
16.27 13.78 
1.39 1.67 
0.21 0.25 
0.14 0.17 
0.25 0.25 
548 607 
0.5 0.5 

7545 6039 
856 622 

1193 955 
209 31 
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G3306 TA C.I\TERPILLAR" 
GAS ENGINE SITE SPECIFIC TECHNICAL DATA 

GAS COMPRESSION APPLICATION 

210 

,g-205 
.0 

~200 
0 
0. 
ru 195 
~ ·o, 
&j190 

185 

..c 500 
:;!; 
.U400 
~ 
~300 

"' ~ .ii200 
~ 

w 
100 

0 

30 40 

1200 

1200 

50 

1300 

1300 

Engine Power vs.lnlet Air Temperature 

~ ..... 

60 70 80 90 100 1 1 0 
Air Temperature, oF 

I Engine Power vs. Engine Speed I 

1400 1500 1600 1700 1800 
Engine Speed (rpm) 

I Engine Torque vs. Engine Speed I 

1400 1500 1600 1700 1800 
Engine Speed (rpm) 

~ ..... 

120 130 140 

M3x Power vs. 
-c)- Speed Capability 

for Site Conditions 

D 

• 
Full Continuous 
Operating Range at 
Standard Conditions 

low Load klternittent 
Operating Range 

fv'lax Torque vs . 
....... Speed Capability 

for Site Conditions 

D 
Full Continuous 
Operating Range at 
Standard Conditions 

• 
Low Load fnterrrittent 
Operating Range 

Note: At site conditions of 500ft and 7rF inlet air temp., constant torque can be maintained down to 1200 rpm. 

PREPARED BY: 
Data generated by Gas Engine Rating Pro Version 3.02.00 
Ref. Data Set DM5202-03-001, Printed 13Feb2009 
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CALIBRATION GAS CERTIFICATIONS 
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REDBBALL 
TECHNICAL GAS SERVICES 

Cylinder Number: 
ProductiD Number: 
Cylinder Pressure: 
COA# 
Customer PO. NO.: 
Customer: 

CERTIFICATE OF ANALYSIS 

(Zero Ambient Nitrogen) 
Certification Date: 
Expiration Date: 
MFG Facility: 
lot Number: 
Tracking Number: 
Previous Certification Dates: 

Assay Laboratory: Red Ball TGS 
555 Craig Kennedy Way 
Shreveport, LA 71107 

800-551-8150 

This mixture Is for laborato use onl , not for dru , household or other use. 

This mixture Is certified in Mole% to be within ±2% of the actual number re orted with a confidence of 95%. 

This mixture was manufactured b scale; weights traceable to N.I.S.T. Certificate #8221266926·02. 

Do Not Use This C Iinder Below 100 si 0.7 Me a ascal . 

Composing Material: Zero Ambient Nitrogen, Cert., Sz152 

Component 
Nitrogen 

Oxygen as Impurity 

Carbon Dioxide as Impurity 

Carbon Monoxide as Impurity 

Total Oxides of Nitrogen as Impurity 

Sulfur Dioxide as Impurity 

Total Hydrocarbons as Impurity 

Red Ball Technical Gas Servlce 
PGVP Vendor ID # G12015 
Information and Ordering 

800-551·8150 
Fax (318-425-6309) 

Specification 
Balance 

<1.0 PPM 

<0.5 PPM 

<0.5 PPM 

<0.1 PPM 

<0.1 PPM 

<0.1 PPM 

31 of 52 

Concentration 
Balance 

<1.0 PPM 
<0.5 PPM 

<0.5 PPM 

<0.1 PPM 

<0.1 PPM 
<0.1 PPM 

LaMeka Dennis 
Analytical Chemist 



' .. ' , ,r •l! i 
RATA CLASS If; 1 !Cd Jlf)i-) Airliqulrlll/•r,11:11Cil 

Sr.erh!f'/ Cin~c1s ll C Glllll'lmteetl +I- 1% J!ccw'ttcJ' 

1290 COMBERMERE STREET, T8DV, Ml 4600.3 Phuna~ ?4B·589·2!.H30 

CERTIFICATE OF ACCURACY: EPP, P,rotocol Gas 

1_:'\ssfi'J ~n-~or~!c:i!Y:J~GVP Vcn~IJ! IP: A22013_ 
AIR LJOUJDE AMERICA SPEcfALTY.(3f\SES. LLC 
1290 r.OMtlF.AMEAE STREET 
TROV, f¥1! 4Bi:)8:i 

r.o. 1\tJ.: 
Document II : 5258053().()03 
folio 1.'!.l\H067 

fRs_t!!!!LI!L 
Alfl HYGIENE 
r,~IKE: SCOTT 
1600 WEST !ACOMA -ST 
BR.OKtN AI~R.OW OK 74012 
us 

Cyllnder NumbQt: 
Cyllndrn Pmssuro; 

ALM061379 
2016 PSIG 

Cerllfioatlon lJat£J~ 280012013 Ex.p. Date: 290ct2021 
Botch No: TR0009f· 146 

COMPONENT 
CARBON MONOXIDE 
NITRIC OXIDE 
NITROGEN· OXYG"N FR"E 

TOTAl OXIDES OF NITROGEN 

CERTIFIED CONCENTRATION !Mole• I 
. Hl ~M --

251 PPM 
SALANCE 

231. PPM 

TRACEABILITY -,---~. -----
REFERI:NCE. ST Aiilf5A1fo COlVf1iiYNEN"_r ____ _ 
i::Ai180rTMOtToxiDf 
NITfiiC OXID~ 

Ai\lALVTICAL METHOD 

_C?Y!:~fl_~;!!___ 
KAL004582 
KN .. 0043e:l 

1st Annlysis! 210nt2013 

AOCLJRACV 
--2. 

2. 

!ABSOLUTE I RELATIVE! 
PPM-·-r---o:r-% 
PPM I CLB % 

RderOnf;:o Vo/ue Only 

TVPEfSIUJI SAMPLE 
J.ir~~i16ii-----··-

N1'AM 16615 

F.XP.DATE 
1e.Ji~fl2~--,-5 
04Jn~~::na 

COMPONENr 
C!\llB0(\.1 "MONOXiDE 
~JnRIC DXI;)F.= 

Jfo!§,JJ~_UMEI~!_T 
fo/.I(S/2030imZB621 
/</.!{S/2~3010328621 

ANAl VT1CAl/PI11NClPLE 
f.Oi.JRIER·TRA'NSFOO'to:"tfR 
FOUfliEfl·lflMiSfORM IP, 

CAllhRJ\TED 
~30ui10T 
170(1\2013 

CONCENTOAT!OI\I 
-~s-1.0 -r;~,---· 

251 0 f'I>M 

COMPONENT 
I NITIHC OXIDE 

Speclnl Natos: 

2nd Analysis: 2S0t;;t.2013 

INSTRUMENT 
i:iifSi::o3o/o:)2332i 

AHD&7 LIST If(!~ A.--{067 01\ :E'lTS AN;) TAGS 

APPROVED BY: a 
-- ffOf~i"i'lf MCCV~NDAU'. -----
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Cyl!nd~l N11ml.'nr: 
1'11'l1h1~t ID Numl.oDr; 
Cylh1tll:f Ptll~s,!l(~: 
COAl! 
Cll!.hmr~r Pll. NO.; 
C,l/l.t(\.1lllr: 

'' 

C.:~rtiflutll~u bu~•~: 
~pntlon Ontin 
fl,f'G FaniiUy· 
U;ll Uumbor: 
T(~o;.kmu rlmnbor: 
Ptovi;,IJf; GmiJIIc-l'olh::tl Dnlt>:Jl 

Asany LnboralorJ; J:l.ucl Ball TGS 
555 Crnlul~omH:dy Wny 
shrovurmri, I. A '11107 

0U0-551·U150 

[_ Thl1 cullbraiiOO ~;.ilitllf.1i"i;l h~a b[!li\'J~rllllod !)~r !lml>lrq ~'il12 ff•f:f,l!oo~bllil)'l'rll\aml. [Jocumt.'fit fPA·flCIOi'R·12Hill, 
WJ"iTtil<lt~mGI. 

•w 
'Ia 

Rrd Uall Toehn!c~l G!lli S<lrvl~o 
rGVP VomloriO II Gl2lll4 
luhmnollon ilnd Ordtrlrll} 

BOP·55\•~1~0 
f'..JK !l11.1•>1~.(j,[jj(lgj 

478.7 PPM 

432.1 PPM 
aal~llCll 
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\~•H1Qit"J 

\'11\·~lQ!IJ 

t0,7 PPM 

fOJ'~~~ 

l'r.1i!':litj 

GCF 
HDIR 

' dlt5!2Citt12-lr.:rr;nt 
f,/1.!,1()1~ 1M r,L o\',1 

Lnr.lckll Dotlnlll 

''"''1~\lenl c~mlnl 



As3ayl.abor<J\ory; r<od BaH lGH 
55!} Crrllo I{RnnrHJy Wa:,~ 
ShroVO(lOrl, kA 71107 

ll00·551·Ui!i0 

EPA PROTOCOL GAS CERTIFICATE OF ANAlYSIS 
Cyl!mlur 1-·h.@l.oH: 
Prm:lll&l Ill l~i!rnllort 
r.:~tlf\dor Pr~~>suto: 

COA.fl 
Cu~lomH PO. f'W.~ 
CUS\flm<lr; 

CNIIfi~Jlliotl !Jot<.>: 
E~tJ:tllii9H Onl<11 
MrG t'nllltllyr 
lot: I Nt,mbnn 
-rr~olllno Numtmr; 
l~nr.>IJ\Ill Certlfltalh.m J:l!ll~o: 

Tid:; t:HIIl>m'Jcn ~IIJiltlurd hro\l bCl11 cerbllo::l perth~ Mfi'i2Jl2 EPA TrLt"J:Jblity i!tli\Old, l:.lt:vJoHl<tJ EPA·6:lfl,~·l?j~l1, 
t.!·Jil[J p!Dwli.JI(l G'l. 

Carbon Dloxlda 
Oxygen 

t.Citr·nltmw 
wt~1'nl mo:.,_'l;l,l(:l 

::m-9'.!16~~~ 

•Y.I'.J4!2)l1 
I[~J1o;m'2 

I)Jit5i2J',6 

' ' 
flU{ 

Rml Ball T<!<:htdtlll Ga11 Srtrvlcn 
I'G\'P Vl'ltltl(lt 10 fl G12{115 
lnfDTtrlntitlll Md Ordllrlnl) 

U{ID·!:'i51.Utfil) 
FMt(3tli·4:l6-UWB) 

G~~tmllnllun 

9.13% 
11.92% 

m 
112 

M' 

"" 

Cer11fiod Conccmtrlltlon(s) 

151JII> 

1! !JT I* 
'99}\\. 

FTIR 

MPA 

Jn17~5 U1 

r.tHlOI 
1')1\1)1 

I ''-=:====;g==:::::::;~~ 
........ ~~1J-

l1~S ~lCtOJtartNGnl 

34 of 52 

l~•uka lhmni11 
All~lvlk~l Ch!!mf111 



.'W l ~<J•)•ilv 1\ln<lrit:a 
StlfWriJI\V GM.!:<:, tLC 

'.1COil' 
RATA CLASS 

Grwnmleed +I· J% Accumcy 

1290 CON)BERWERE STREET, TROY., Ml <H30B3 Pf>orm; 211B·5B9-2-%0 

CERTIFICATE OF ACCURACY: EPlLProtocol Gas 

t\~-~-'lJ.~l.~ffi\~.!l[.:fiWP v~ll}~H!JD-L~?1~l1 
AIR UOUiDE AMERICA SPI:CIAl.lY GASES lLC 

1290 COMBERMEFIE STRi;.H 
TROY, Mi40083 

r.o. !~o.: 
DotHrmont ll; 54235'i'2t:.-CD2 
fnlln /I:AH096 

A;~"fW'dffiNE 
MII(E scorr 
'600 \-\'EST TACOMA ST 
BROi<E!t-.! ARRD'N 01( 74012 
us 

_ANALYTICAL INFORMATION _ Gas .IY_E!>~.Q2, 0?)3ALN ___ _ ___ ~-~------- __ 

Tl-11$ c('lrt!lhmllon W!-J~ performed occmdlng to EPfl ftaC~<Olbilltv !)N)lncol far 8'S!illV &. C(lrtllicatkm ol Gos~;oul.l CllllbroliN1 Stnn--::lord,;~; 

Procmluro G·l. EPAIGOO/R-121531; Mov 2012. Oo no\ usn this s~undiud ll ptQ~suro In h!sa than IDO p!>IJ. 

Cylimlat Nwnbqr: 
Cylinder' Pressuro: 

COMPONENT 
<:lXYGEN -
CARBON DIOXIDE 
~ITROGEN 

·I CAI'ISON DIOXlDll 

I ANALYTICAL. METHOD 

COMPONENT 
-5XYGEi~-~ 

C1\F.BON DIOXIDE 

1 Spoulul Notoll: 

ALM03B933 
2000 PSIG 

Ccftlflua1ion Da-to: 

CERTIFIEDCCJ_NCE~QN IMolo~) 
1.2. ' 1 i:J -

lB,S % 
BALANCE 

UNCERTAINTY 

:::om-9r-
o. 1:2(}:;1 'l) 

1st Annlvsis: 30.SI'lp2013 

INST~UMENT 
CAJi1 'o0i'f'io3o 1 6 
r'lfV2COO/Q0ll0)5 

1 ol 1 

35 of 52 

30Sep2013 Exp, Date: 0'10ct2021 
Bote~ No' TR0009:)577 

ACCURI\CV !ABSOLUTE I RELATIVE! 
--o;oa---'iG·----,-o~~~ 

0.2 % .' 0.6 % 

TVI'~!JHtM SAMI'!,._E __ 
tiTflM '0\~50 
IHRM 2300 

I 

'I 



Llnde SPECTRA Environmental Gases, 80 Industrial Drive, 1\lplla, NJ 08865 

CERTIFICATE OF ANALYSIS 

PGVP IDII: 112013 
CUSTOMER: Lindo North Amortc;r 

SALESII: 501242646 

PROD#: 1264162 
P.O.II: T0#450c 242646 

MATERIAL#: 24091 sso 
CERTIFICATION DATE: 26-Jut-2013 
EXPIRATION DATE: 27-Jul·2021 

CERTIFICATION HISTORY 
DATE OF 

COMPONENT ASSAY 
Propane 26-JJI-2013 

BALANCI'i. Nlltogen 

PREVIOUS CERTIFICATION DATES: None 

REFERENCE STANDARDS . 
COMPONENT SR~VNTRM# 

H'ropane 
GM1~234B66 

SAM 1688b 

·-

INSTRUMENTATION . 
COMPONENT MAI<EIMOOEL 

Propahe H. Packard 6890 

MEAN 

EPA PROTOCOL MIXTURE 
PROCEDUR€ II : G1 

GAS CODE: APPVD 
CYLINDER II : EB-0049752 

CYLINDER PRES: 2000 PSIG 

CYLINDER VALVE: CGA 350 
CYLINDER SIZE: 2A 

CYLINDER MATERIAL: Aluminum 
GAS VOLUME: 4000 l-iter 

BLJ:ND TOLERANCE: 5% Relative 
PAGE: 1 of 1 

CERTIFIED UNCERTAINTY 
CONCENTRI,TION CONCENTRATION AT 95% CONFID~NCE 

24.95 ppn1 24.95 ppm "0.36 ppm 

CYLINDER# CONCENTRATION EXPIRATION DATE 
t·.>B3a'Y~ 100.50 ~ O.BS Pt)m 04-r\pr-2014 
c!rn·00:>3~l1 95.00 :t 0.9D ppm 24·May·2013 

'" SERIAL II DETECTOR CALIBR/\,liON 

US00001~34 GC- FID 
DATE{S) 

26-Jul-201 'lc 

THIS STANDARD IS NIST TRACEABLE. IT WAS CERTIFIED ACCOROJNG TO THE 2012 EPA PROTOCOl.. PROCEDURES. 

DO NOT USE THIS STANDARD IF TI-lE CVIJNOER PRESSURE IS LUSS THAN 100 PS!G, 

ANALYST:_· l-~;:7'-;';:;;;-;-;;;==:-
MATTHEW JACKSON 

Unde G~;~s N:trlh Arnmica LLC 

(908) 329-£700 fv1<1!n (9::l8) 329-9740 Fax 
www Lindel:s.c-:mt 
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!t!AIR LIQUIDE J Air Uquide America 
Specialty Gases LLC ®scott- RATA CLASS 

Dual-Analyzed Calibration Standard 

1290 COMBERMERE STREET, TROY, Ml 48083 Phone: 248-589-2950 Fax: 248-589-2134 

CERTIFICATE OF ACCURACY: EPA Protocol Gas 

Assay Laboratory - PGVP Vendor ID: A22011 

AIR LIOUIDE AMERICA SPECIAL TV GASES LLC 
1290 COMBERMEAE STREET 

P.O. No.: 11111310 
Document II : 44427303-002 

Customer 
AIR HYGIENE 

MIKE SCOTT 
TROY, Ml 48083 1600 WEST TACOMA ST 

BROKEN ARROW OK 74012 
us 

ANAl VTICALINFORMATION Gas Type : NONE 
This ceflificatlon was performed according to EPA Traceability Protocol For Assay & Certification of Gaseous Calibration Standards; 
Procedure G-1; September, 1997, 
Cylinder Number: CC115743 Certification Date: 21 Dec2011 Exp. Date: 22Dec201 9 
Cylinder Pressure***: 1950 PSIG Batch No: TR00048599 

COMPONENT 
PROPANE 
NITROGEN 

CERTIFIED CONCENTRATION (Moles) 
45.1 PPM 

ACCURACY** 
+I- 1% 

TRACEABILITY 
D1rect NIST and VSL 

BALANCE 

~ • * Do not use when cylinder pressure is below t 50 psi g. 
•• Analytical accuracy Is based on the requirements of EPA Protocol Procedure Gt, September 1997, 

REFERENCE STAN DAAD 
TYPE/SAM NO. EXPIRATION DATf: 
NTRM 1t'i68 020cl2013 

,,. 
ANALYZER READINGS 

CYLINDER NUMBER 
ALM002439 

CONCENTRATION 
~~-ggTofpM 

DATE LAST CALIBRATED 
02Dec2011 

COMPONENT 
PROPANE 

ANALYTICAL PRINCIPLE 
TCD/FID 

{Z Zero Gas R Reference Gas T Test Gas r Correlation Coefflcrent) 

First Triad Analysis Second Triad Analysis 

PROPANE __ 
Date: 21Dac2011 Response Unit: AREA 
21=0.00000 R1=2626816. T1=1192391. 
R2= 2627886. 22=0.00000 T2= 1192014. 
23=0.00000 T3=1191188. A3=2626950. 
Avg. Conce~vauon: 45.10 PPM 

Special Notes: The e>epiration data has been e>etended without ra-assay per EPA 600/R23-23/542, 

AIR HW}f~1TEM IJAH051•t_r

APPRQVED8V:_~~~~~~~~~~~~~~~~~~---
SARAH HERBERf"T""' 

Page 1 of 1 

37 of 52 

Calibration Curve 

Concentration -A+ Bx +Cx2 +Dx3 +E>e4 
r=0.999999B 
Constants: A=0.00681947 
B=3.80834E-05 C=O 
~o~~o~-------~•=-~o _______ __ 



RATA CLASS 
Guaran/eell +f. 1% Accuracy 

CERTIFICATE Qf ACCURACY: ~PA Protocol G<!S"-------

P,_~say_l._!!P_uratory :_f§VP V~lldor iO: _6?_~91~ 
AIR. UOUIDE AMERICA SPECIALTY GASES LLC 
1290 COMBERW:ERE STREET 
TROY. Ml 'H.l0S3 

P_o, No,~ 
I)O(:vn'<tHlt ,'i : 5299533tl-003 
i!ollo q .AH052 

-~!!.~~0!_\lj!f 
AIR HYG!F.N~;: 
MIKE St:OTf 
1 BOO WeST TACOMA ST 
GAOl< EN ARROW OK 74012 
us 

ANALYTICAL IN FORMA liON ~ ~ Gas Typo : PPN,BAlN 
fhl:~. ccrtlfiCn-·Jon was pnrforrped acaOidT!,g~to PA TrtlCO!It>IUt~ l~ro(ocol F-or /•Ssny & C£lrl'ffibf:lh::n or Gasc•ous CHIIhrt~lkln S!tJnr:.fHf{ls;----
l'rc;n;:odvro G·l. EPA/I'WO/R-12/631: Mrw 1012. Dn not 'J!>Il tl~is stnmlnrd I! nmss~wo I!> loss thllr. lCO psi~. 

Cylinder Numbor; 
Cylinder Pressure: 

COMPONENT 
f~of>~ 
NITROGEN 

TRACEABILIIV 
REFEI-lENCE STANDARD 

1
!2'li!PiiHeiir·· ~~ ~ ~ --

.lflOPAt>JE 

AlM005423 
1960 PSIG 

<2Nov2013 Exp. Dutu: 2~NOv2021 
But1:h No: TR00097710 

CERTIFIED CONCENTRA'I'IOI'J_fuqolool 
---< 65.5 PPM- ----· 

CONCENTRATJOI\l 
li8:3coo· · ·--rrM 

BALAN Co 

!JN~li_RT AJr!TV 
0.0000 PP.\1 

CYL!NDI:R 
AL:\10J"SG53-

ACCURACY !ABSOLUTE l RELATIVE) 
---o.lr··- ~PP!vl I 0~7-'lb--

TYPE/Sfl!\1 SAMPLE 
NTR~Tl66!!---------'--·. 

EXP. DATE 
-i-2JCiiOl8 

1 
ANAl VTICAL METH£>,-'0'-----

ht Atl~!y~ls: 22Nov2013 

INSTRUMENT 
VAR:A.NIJ40"ci/7:los 
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I 

RED ~BALL Assay Laboratory: Red Ball TGS 
555 Craig Kennedy Way 
Shreveport, LA 71107 

800-551-8150 TECHN!CN ... GAS SERVICES 

. ·.... . ... ·.CERTIFICATE OF ANALYSIS ... 

·.· ... · ...... ·• ·. EfiAPRon)coL GAs/ ·. ·.· 

~ Cylinder Number: 
Product ID Number: 

1 Date: 

Cylinder Pressure: 
COANumber: 
Customer PO. NO.: 
Customer 

.•· 

This calibration standard has been certified per the 1997 EPA Traceability Protocol, Document EPA-600197/121, using procedure G1 All values 
so noted are certified to be +/-1% NISTTraceable. 

Component 

Nitrogen Dioxide 

AIR 

Illll< 
SRM 

SRM 

lr 0.058 s 89.725 
c 45.536 

I~ 0.004 s 89.505 
c 44.833 

I 

I 

I~ 

Component 
Nitrogen Dioxide 

Nitrogen Dioxide 

Component 

Analysis Date: 
s 89.692 
c 45.585 
Z0.012 

Analysis Date: 
s 90.067 
c 45.632 
z -o.002 

Component 
Anal sis Dale: 

s 
c 
z 

Do Not Use This Cylinder Below 150 psig (1.0 Megapascal). 

Concentration 

48.4 PPM 

Balance 

Balance Gas 
Nitrogen 
Nitrogen 

Certified Concentratlon(s) 
Analvtical Principle 

FTIR 

Reference Standard(s) 

Concentration Cylinder Number 
96.6 PPM EB0004761 

96.6 PPM EB0004761 

PPM 

Analytical Information 
Nitro en Dioxide 

4/3/2013 
c 44.663 Cone. 48.1 PPM 
z 0.005 Cone. 49.1 PPM 
s 89.526 Cone. 49.1 PPM I 

4/10/2013 
c 43.292 Cone. 46.7 PPM 
z -o.004 Cone. 49.2 PPM 
s 89.297 Cone. 48.3 PPM I 

I 

I 
c Cone. 
z Cone. I 
s Cone. 

Z= Zero Gas S= Span Gas C= Candidate Gas 

I 
Fred Holl, CHMM 
Quality Control 

Red Ball Technical Gas Service 
PGVP Vendor ID # G12013 
Information and Ordering 

800·551·8150 
Fax (318·425·6309) 
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Accuracy 

+/- 1% NIST 

SRM 1684b 

I 
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QA/QC PROGRAM 

Air Hygiene ensures the quality and validity of its emission measurement and repmiing procedures through a rigorous quality assurance 
(QA) program. The program is developed and administered by an internal QA team and encompasses five major areas: 

1. QA reviews of reports, laboratmy work, and field testing 
2. Equipment calibration and maintenance 
3. Chain-of-custody 
4. Training 
5. Knowledge of current test methods 

Each of these areas is discussed individually below. 

QA Reviews 
Air Hygiene's review procedure inc1udes review of each source test report, along with laboratmy and fieldwork, by the QA Team. The 
most important review is the one that takes place before a test program begins. The QA Team works closely with technical division 
personnel to prepare and review test protocols. Test protocol review includes selection of appropriate test procedures, evaluation of 
interferences or other restrictions that might preclude use of standard test procedures, and evaluation and/or development of alternate 
procedures. 

Equipment Calibration and Maintenance 
The equipment used to conduct the emission measurements is maintained according to the manufacturer's instructions to ensure proper 
operation. In addition to the maintenance program, calibrations are carried out on each measurement device according to the schedule 
outlined by the Environmental Protection Agency. Quality control checks are also conducted in the field for each test program. 

Chain-of-Custody 
Air Hygiene maintains full chain-of-custody documentation on all samples and data sheets. In addition to normal documentation of 
changes between field sample custodians, laboratmy personnel, and field test personnel, Air Hygiene documents every individual who 
handles any test component in the field (e.g., probe wash, impinger loading and recovery, filter loading and recovery, etc.). Samples 
are stored in a locked area to which only Air Hygiene personnel have access. Field data sheets are secured at Air Hygiene's offices 
upon return from the field. 

Training 
Personnel's training is essential to ensure quality testing. Air Hygiene has formal and informal training programs, which include: 

I. Attendance at EPA-sponsored training courses 
2. Enrollment in EPA correspondence courses 
3 A requirement for all technicians to read and understand Air Hygiene's QA manual 
4. In-house training and QA meetings on a regular basis 
5. Maintenance of training records 

Knowledge of Current Test Methods 
With the constant updating of standard test methods and the wide variety of emerging test procedures, it is essential that any qualified 
source tester keep abreast of new developments. Air Hygiene subscribes to services, which provide updates on EPA reference methods, 
rules, and regulations. Additionally, source test personnel regularly attend and present papers at testing and emission-related seminars 
and conferences. Air Hygiene personnel maintain membership in the Air and Waste Management Association and the American 
Industrial Hygiene Association. 

Reproduction and Distribution Policy 
Reproducing portions of this test report may omit critical or substantial documentation or be taken out of context and due care must be 
exercised in this regard. Futihennore, this test report and its associated data shall not be reproduced in full or in part without the written 
consent of the customer. 

xto-15-multi.ok-eng#S-McCarty 1-36H _ 805709 
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COMBUSTION TESTING QUALITY ASSURANCE ACTIVITIES 

A number of quality assurance activities were undetiaken before, during, and after this testing project. This section of the report 
combined with the documentation in Appendix C describes each of those activities. 

Each instrument's response was checked and adjusted in the field prior to the collection of data via multi-point calibration. The 
instrument's linearity was checked by adjusting its zero and span responses to zero nitrogen and an upscale calibration gas in the range 
of the expected concentrations. The instrument response was then challenged with other calibration gases of known concentration and 
accepted as being linear if the response of the other calibration gases agreed within plus or minus two percent of the range of predicted 
values. N02 to NO conversion was checked via direct connect with an EPA Protocol certified concentration ofN02 in a balance of air. 
Conversion was verified to be between 90 and 110 percent. 

After each test run, the analyzers were checked for zero and span drift. This allowed each test run to be bracketed by calibrations and 
documents the precision of the data just collected. The criterion for acceptable data is that the instrument drift is no more than three 
percent of the full-scale response. The quality assurance worksheets in the following pages summarize all multipoint calibration checks 
and zero to span checks performed during the tests. These worksheets (as prepared from the data records of Appendix A) show that no 
drifts in excess of three percent occurred in the zero to span checks following each test run. 

The sampling systems were leak checked by demonstrating that a vacuum greater than 10 in Hg could be held for at least one minute 
with a decline of less than one inch of Hg. A leak test was conducted after the sample system was set up and before the system was 
dismantled. This test was conducted to ensure that ambient air had not diluted the sample. Any leakage detected prior to the tests would 
be repaired and another leak check conducted before testing commenced. No leaks were found during the pre or post-test leak checks. 

The absence of leaks in the sampling system was also verified by a sampling system bias check. The sampling system's integrity was 
tested by comparing the responses of the analyzers to the calibration gases introduced via two paths. The first path was directly into the 
analyzer and the second path via the sample system at the sample probe. Any difference in the instrument responses by these two 
methods was attributed to sampling system bias or leakage. The criterion for acceptance is agreement within five percent of the span of 
the analyzer. 

The control gases used to calibrate the instruments were analyzed and certified by the compressed gas vendors to plus or minus one 
percent accuracy for all gases. EPA Protocol No. 1 was used, where applicable to assign the concentration values traceable to the 
National Institute of Standards and Technology (NIST), Standard Reference Materials (SRM's). The gas calibration sheets as prepared 
by the vendor are contained in Appendix C. 

Air Hygiene collected and rep01ied the enclosed test data in accordance with the procedures and quality assurance activities described 
in this test report. Air Hygiene makes no warranty as to the suitability ofthe test methods. Air Hygiene also assumes no liability relating 
to the interpretation and use of the test data. 

Date: 
Company: 
Location: 
Techs: 

May 29, 2015 
XTO Energy, Inc. 

INSTRUMENTAL ANALYSIS 
QUALITY ASSURANCE DATA 

Carter County, Oklahoma 
RW 

Sample System Leak Check 

Date Sample System 

May 29, 2015 1 

xto-15-multi.ok-eng#8-McCmty l-36H_805709 
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Leak Rate 
(1/min) 

0 



Calibration Date: May 29,2015 
Client· XTO Energy, Inc 

NOx Span (ppm)= 482.70 

THERMO 42c (NOx Analyzer) 

Certified Instrument Calibration Absolute 
Concentration Response Error Cone. 

(ppm) (ppm) (%) (ppm) 

0.00 0.14 0.03 0.14 

251.00 250.38 -0.13 0.62 

482.70 480.30 0.50 2.40 

linearity- 1.005 

CO Span (ppm)= 485.00 

THERMO 48i {CO Analyzer) 

Certified Instrument Calibration Absolute 
Concentration Response Error Cone. 

(ppm) (ppm) (%) (ppm) 

0.00 0.15 0.03 0.15 

251.00 252.21 0.25 1.21 

485.00 489.82 0.99 4.82 

linearity= 0.991 

0 2 Span(%)=21.10 

SERVOMEX 1440 (0, Analyzer) 

Certified Instrument Calibration Absolute 
Concentration Response Error Cone. 

(%) (%) (%) (%) 

0.00 0.04 0.19 0.04 

11.92 12.01 0.43 0.09 

21.10 21.00 -0.47 0.10 

Linearity- 1.006 

VOC Range (ppm)= 95 

VIG 210 (VOC Analyzer) 

Certified Instrument Catlbralion Estimated 
Concentration Response Error Point 

(ppm) (ppm) (%) {ppm) 

0.00 0.00 0.00 NIA 

24.95 25.23 0.49 25.11 

45.10 45.33 -0.12 45.38 

85.50 86.04 0.57 NIA 

linearity - 0.995 
1-zeroflligh based on 2% of span,low/mid based on 5% of concentration 

xto-15-multi.ok-eng#8-McCarty 1-36H_805709 

Pass or 
Fail (±2%, 
S0.5ppm) 

YES(%) 

YES(%) 

YES(%) 

Pass or 
Fall (±2%, 
5:0.5ppm) 

YES(%) 

YES(%) 

YES(%) 

~ 
• • < 
0 
~ 

~ 
Pass or ~ 

" Fall {±2%, ~ S0.5%) 

i YES(%) 

YES(%) 

YES(%) 

Pass or 
Fail 

(±2,5%)1 

YES 

YES 

YES 

YES 
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THERMO 42c (NOx Analyzer) linearity Plot 

600.01l 

I 

100.00 201l.OO 300.00 400.00 500.00 600.00 

Certified Concentrations (ppm) 

THERMO 48i (CO Analyzer) linearity Plot 

600.00 ,---,--,----,--,1---,---, 

,00.00 t---+--+---l--+-1~-~---1 
400.00 +---+--+----l-~+:::...-1-··

"0.00 t---+--+-~-+'~'---+-1-+---· 
200.00 +---1-~~+__.¥-:::._-l-- 1-.. -+--1 
100.00 t--~--::._--l--+--+-1 .. 

0.00 / 
0.00 100.00 200.00 000.00 400.00 500.00 600.00 

Certified Concentrations (ppm) 

SERVOMEX 1440 (02 Analyzer) Linearity Plot 

20.00 +----+--+--+-~-~C<A'--

15.0() ~ 

10.00 +--+~-~~-4-----1----11 
,.00 j--~¥'---+--+-·· 

0.00 ~ 
0.00 5.00 10.00 15.00 20.00 25.00 

Certified Concentrations (~/4 

VIG 210 (VOC Analyzer) Linearity Plot 

100.00 l":~1'~~t·~7t:~7~,~~ 
90.00 
.a.oo .... 

~~:~~ / 
50.00 
4()_00 -- "'~ 

30.00 

20.00 __.;:.; 

10.00 ~-
0.00 

0.00 20.00 40.00 60.00 80.00 100.00 

Certified Concentrations (ppm) 
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NOx Converter Efficiency 
Date: May 29, 2015 

Analyzer: INST-NX-0012 

RM 7E, (02-27-14), Sections 7.1.4; 8.2.4.1; 12. 7; and 13.5 Introduce N02 to the analyzer and 
record the NOx concentration displayed .... Calculate the converter efficiency using Equation 7E-
7. The specification for converter efficiency must be met. ... Air Hygiene also references ALT-
0013 for specific N02 concentration (40-60 ppm) and EPA Traceability Protocol requirements 
(±2%). 

Audit Gas: N02 Concentration (Cv), ppmvd 48.40 
Converter Efficiency Calculations: 

Analyzer Reading, NO Channel, ppmvd 1.44 
Analyzer Reading, NOx Channel, ppmvd 47.97 

Analyzer Reading, N02 Channel (Co;r(No2)), ppmvd 46.53 

Converter Efficiency, % 96.14 

RM 7E, (02-27-14), 13.5 N02 to NO Conversion Efficiency Test (as applicable). The N02 to NO 
conversion efficiency, calculated according to Equation 7E-7, must be greater than or equal to 90 
percent. 

46.53 ppmvd 
x100= 96.14% Eq. 7E-7 = 

48.40 ppmvd 

Date/Time Elapsed Time NOx NO 

mm/dd/yy hh:mm:ss Seconds ppmvd ppmvd 

05/29/15 09:22:34 56644 48.28 1.74 

05/29/15 09:22:44 56654 47.71 1.74 

05/29/15 09:22:54 56664 47.75 1.84 

05/29/15 09:23:04 56674 47.61 1.90 

05/29/15 09:23:14 56684 47.52 1.76 

05/29/15 09:23:24 56694 47.47 1.64 

05/29/15 09:23:34 56704 47.46 1.64 

05/29/15 09:23:44 56714 47.58 1.62 
05/29/15 09:23:54 56724 47.71 1.54 r------------------------------------------1 

' 05/29/15 09:24:04 56734 47.97 1.44 ' 
~------------------------------------------~ 05/29/15 09:24:14 

05/29/15 09:24:24 

05/29/15 09:24:34 

56744 

56754 

56764 
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48.14 

48.30 

48.47 

1.50 

1.49 

1.53 
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DRIFT AND BIAS CHECK 
Run -1 0 NOx co voc 

Raw Average 0.01 55.80 426.54 10.92 
Corrected Average 0.00 56.35 434.88 13.59 

Initial Zero 0.04 0.17 0.25 0.00 
Final Zero 0.12 1.65 0.68 0.00 
Avg. Zero 0.08 0.91 0.47 0.00 

Initial UpScale 11.93 244.38 247.16 25.01 
Final UpScale 11.91 246.49 245.60 25.17 
Avg. UpScale 11.92 245.44 246.38 25.09 

Sys Resp (Zero) 0.04 0.14 0.15 0.00 
Sys Resp (Upscale) 12.01 250.38 252.21 25.23 

Upscale Cal Gas 11.92 251.00 251.00 24.95 
Initial Zero Bias 0.00% 0.01% 0.02% 0.00% 
Final Zero Bias 0.38% 0.31% 0.11% 0.00% 

Zero Drift 0.38% 0.31% 0.09% 0.00% 
Initial Upscale Bias -0.38% -1.24% -1.04% -0.23% 
Final Upscale Bias -0.47% -0.81% -1.36% -0.06% 

Upscale Drift 0.09% 0.44% 0.32% 0.17% 
ID § Initial Zero 0.00 0.03 0.10 --
~~5 Final Zero 0.08 1.51 0.53 --
E !E (/) Initial Upscale 0.08 6.00 5.05 --~li:l~ 
"'~ Final Upscale 0.10 3.89 6.61 --<n 

Calibration Span 21.10 482.70 485.00 95.00 
3% of Cal. Span (drift) 0.63 14.48 14.55 2.85 
5% of Cal. Span (bias) 1.06 24.14 24.25 4.75 

DRIFT AND BIAS CHECK 
Run- 2 0 NOx co voc 

Raw Average 0.08 28.39 301.80 9.67 
Corrected Average 0.00 28.21 307.56 12.06 

Initial Zero 0.04 0.17 0.25 0.00 
Final Zero 0.12 1.65 0.68 0.00 
Avg. Zero 0.08 0.91 0.47 0.00 

Initial UpScale 11.93 244.38 247.16 25.01 
Final UpScale 11.91 246.49 245.60 25.17 
Avg. UpScale 11.92 245.44 246.38 25.09 

Sys Resp (Zero) 0.04 0.14 0.15 0.00 
Sys Resp (Upscale) 12.01 250.38 252.21 25.23 

Upscale Cal Gas 11.92 251.00 251.00 24.95 
Initial Zero Bias 0.00% 0.01% 0.02% 0.00% 
Final Zero Bias 0.38% 0.31% 0.11% 0.00% 

Zero Drift 0.38% 0.31% 0.09% 0.00% 
Initial Upscale Bias -0.38% -1.24% -1.04% -0.23% 
Final Upscale Bias -0.47% -0.81% -1.36% -0.06% 

Upscale Drift 0.09% 0.44% 0.32% 0.17% 
ID § Initial Zero 0.00 0.03 0.10 --
~~5 Final Zero 0.08 1.51 0.53 --
E !E U) Initial Upscale 0.08 6.00 5.05 --ID 0 D 

~ ~<:( Final Upscale 0.10 3.89 6.61 --<n 

Calibration Span 21.10 482.70 485.00 95.00 
3% of Cal. Span (drift) 0.63 14.48 14.55 2.85 
5% of Cal. Span (bias) 1.06 24.14 24.25 4.75 
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DRIFT AND BIAS CHECK 
Run -3 o, NOx co voc 

Raw Average 0.08 28.09 269.12 8.61 
Corrected Average 0.00 27.90 274.21 10.74 

Initial Zero 0.04 0.17 0.25 0.00 
Final Zero 0.12 1.65 0.68 0.00 
Avg. Zero 0.08 0.91 0.47 0.00 

Initial UpScale 11.93 244.38 247.16 25.01 
Final UpScale 11.91 246.49 245.60 25.17 
Avg. UpScale 11.92 245.44 246.38 25.09 

Sys Resp (Zero) 0.04 0.14 0.15 0.00 
Sys Resp (Upscale) 12.01 250.38 252.21 25.23 

Upscale Cal Gas 11.92 251.00 251.00 24.95 
Initial Zero Bias 0.00% 0.01% 0.02% 0.00% 
Final Zero Bias 0.38% 0.31% 0.11% 0.00% 

Zero Drift 0.38% 0.31% 0.09% 0.00% 
Initial Upscale Bias -0.38% -1.24% -1.04% -0.23% 
Final Upscale Bias -0.47% -0.81% -1.36% -0.06% 

Upscale Drift 0.09% 0.44% 0.32% 0.17% 
w § Initial Zero 0.00 0.03 0.10 "" 

:S~!t: Final Zero 0.08 1.51 0.53 "" ~~0 
Initial Upscale 0.08 6.00 5.05 ._ ·- (/) 

"" wu, 
~ ~<( Final Upscale 0.10 3.89 6.61 "" U) 

Calibration Span 21.10 482.70 485.00 95.00 
3% of Cal. Span (drift) 0.63 14.48 14.55 2.85 
5% of Cal. Span (bias) 1.06 24.14 24.25 4.75 
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Legacy Measurement Solutions 

MOUNDS, OK 

918-665-5400 

Upload 

Customer 

Station ID 

Cylinder ID 

Producer 

Lease 

Area 

State 

: 1028 -XTO 

: 93193 

:5366 

:XTO ENERGY 

: MCCARTY 1 -36H INJ 

: 127- XTO-ARDMORE 

COMPONENT 

Methane 

Ethane 

Propane 

!so-Butane 

Normal-Butane 

Nee-Pentane 

!so-Pentane 

Normal-Pentane 

Hexanes++ 

Nitrogen 

Carbon-Dioxide 

Oxygen 

Hydrogen Sulfide 

TOTAL 

Compressibility Factor (Z) @ 0@ 60 Deg. F = 0.9965 

Ideal Gravity: 0. 7265 Real Gravity: 0.7288 

BTU @(PSIA) @14.65 

Ideal GPM 5.507 
Ideal BTU Dry 1,236.76 

Ideal BTU Sat 1,215.11 

ReaiGPM 5.526 

Real BTU Dry 1,241.14 

Real BTU Sat 1,219.92 

Comments: 

MOL% 

78.4475 

11.4227 

4.6162 

0.5914 

1.5150 

0.0000 

0.3561 

0.5014 

0.5269 

1.4867 

0.5358 

0.0000 

0.0003 

100.0000 

@14.696 

5.524 

1,240.64 

1,219.00 

5.544 

1,245.06 

1,223.83 

Gas Analysis performed in accordance with GPA 2261 

Analytical Calculations performed in accordance with GPA 2172 
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Date Sampled 

Date Analyzed 

Effective Date 

Cyl Pressure 

Temp 

Cylinder Type 

Sample By 

GPM@O(PSIA) 

0.000 

3.058 

1.273 

0.194 

0.478 

0.000 

0.130 

0.182 

0.229 

0.000 

0.000 

0.000 

0.000 

5.544 

: 02/17/2015 

: 03/05/2015 

: 03/01/2015 

:948 

: 113 

:Spot 

: S BROCK 

C5+ GPM: 0.31200 

C5+ Mole % : 1 .3844 

@14.73 @15.025 

5.537 5.648 
1,243.51 1,268.42 

1,221.87 1,246.77 

5.557 5.668 

1,247.95 1,273.03 

1,226.72 1,251.82 

Sample Count: 230002970 

COC: 



Client: XTO Energy, Inc. 
Location: McCarty 1-36H 

Date: May 29, 2015 
Project#: xto-15-multi.ok-eng#8 

Natural Gas Fuel Analysis Standardized to68 deg F and 14 696 psia EPA Standards 

Molecular1 Lbs 
Ideal Gross 1•3 Fuel Heat 

Component Wt.% of 
Gas Component Mole(%) Weight per Lb-Mole Component 

Heating Value Value [HHV] 

(lb/lb-mole) of Gas (Btulte) (Btu/SCF) 

Methane CH, 78.448 16.0430 12.59 59.92 

Ethane C2Ho 11.423 30.0700 3.43 16.35 

Propane C3H8 4.616 44.0970 2.04 9.69 

iso-Butane iC4Hto 0.591 58.1230 0.34 1.64 

n-Butane nC4H10 1.515 58.1230 0.88 4.19 

!so-Pentane iCsH12 0.356 72.1500 0.26 1.22 

n-Pentane nCsH12 0.501 72.1500 0.36 1.72 

Hexanes CsH14 0.527 86.1770 0.45 2.16 

Heptanes C7H1s 0.000 100.2040 0.00 0.00 

Octanes CsH1s 0.000 114.2310 0.00 0.00 

Carbon Dioxide co, 0.536 44.0100 0.24 1.12 

Nltrogen N, 1.487 28.0134 0.42 1.98 

Hydrogen Sulfide H,S 0.000 34.0800 0.00 0.00 

Oxygen o, 0.000 31.9988 0.00 0.00 

Helium He 0.000 4.0026 0.00 0.00 

Hydrogen H, 0.000 2.0159 0.00 0.00 

Totals 
100.000 21.01 100.00 

Characteristics of Fuel Gas 

Molecular Weight of gas - 21.005 lbllb-mole 

Btu per lb. of Qas4 - 22,376.218 gross (HHV) 

Btu per lb. of Qas4 = 20,294.980 net (LHV) 

Densitv of fuel oas2 - 0.0545 lb/cu. ft 

Wt % VOC in fuel gas - 20.63 % 
Specific Gravity1 - 0.7253 

F-Factor (SCF dry exhaust per MMBtu [HHV]) = 8,714.27 

{Based on EPA RM-19) at68 deg F and 14.696 psia 

F-Factor Calculation: 

F-F actor = 1 ,000, 000*{ (3. 64 *%H)+( 1.53*%C)+{O. 57*%S) + (0 .14 "% N)-(0.46*%0) )/G CV 

GCV =Gross Btu per lb. of gas {HHV) 

994.85 

1,743.15 

2,478.35 

3,203.11 

3,213.35 

3,940.87 

3,948.75 

4,684.54 

5,419.94 

6,155.14 

0.00 

0.00 

627.54 

0.00 

0.00 

319.34 

dry 

wee·5 

%H, %C, %S, %N, & %0 are percent weight values calculated from fuel analysis and have units of (scf/lb)/% 

Density of natural gas based on specific gravity multiplied by density of air at 68 deg F and 14.696 psia. 

References: 
1 ASTM 0 3588 
2 Civil Engineering Reference Manual, 7th ed.- Michael R. Lindeburg 
3 Mark's Standard Handbook for Mechanical Engineers, 10th ed.- Eugene A Ava!!one, Theodore Baumeister 111 
4 Introduction to Fluid Mechanics, 3rd ed.- WilHam S. Janna 
5 GPA Reference Bu11elin 181-86, revised 1986, reprinted 1995 
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780.43 

199.11 

114.41 

18.94 

48.68 

14.03 

19.80 

24.68 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1,220.09 

1,191.96 

Ideal Net1•3 Fuel Heat 
Heating Value Value [LHV] 

(Btulfe) (Btu/SCF) 

895.75 702.70 

1,594.41 182.12 

2,280.17 105.26 

2,955.38 17.48 

2,965.62 44.93 

3,643.50 12.97 

3,648.32 18.29 

4,337.82 22.86 

5,023.77 0.00 

5,709.23 0.00 

0.00 0.00 

0.00 0.00 

578.00 0.00 

0.00 0.00 

0.00 0.00 

269.82 0.00 

dry 1,106.61 

wee·5 1,081.10 

Component Wt% 

carbon 75.22 

oxygen 0.82 

hydrogen 21.98 

nitrogen 1.98 

helium 0.00 

sulfur 0.00 

Total 100.00 

App.E 
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ENGINE TEST· FIELD DATA SHEET 

Company: XT o E ""'-"' --\ ""-"'c 
Location: ('ruLe f,. CiY'I"k"-"G 

Date: <;- ') 'i- ::;.C. Is --< 

Unit Make and Model: Col..er.,;ik,,.- C"3-,ot: /'/~ 
Unit Number: 2i'o5 ·;to q 

Serial Number: Q[pc:; 61 , ,_--, 

Data Recorded By: i:? "'\ 
Tested With AHl Unit(s): Truck(s): 1 lo ? --·· TraHer(s): :J.c'Y 
LDEQ WannupJCal Req: I On (Dayrr!me}: Cal {Daymme): 

RUN INFORMATION Run#1 Run#2 Run#3 

Time Start {hh:mm:s:s) , 114: t4T:i.;~s~ Wl7i~u' 1'1 
Time Stop (hh:mm:ss) 1iii,>-r'-i I,\J,rwi,4J5": '~'I 
Barometric Pressure (in. Hg) "}.6-S\ I ";<:,.q 1-:z,()..<;-,., 
Ambient Temperature ("F) :;& I :r21 I ~P 
Relative Humidity (%) ;,2___ I 4<i I f,? 
Suction Pressure (psig) "-:-:J..:x I S? 1, I c;=';. 9 
Discharge Pressure (psig) 0 '5,:2.---r"l _j_6T'-=r;.;;> 
Rated Horsepower (hp) dd!:J I ;::}.o6 I 9o'2, 
Actual Horsepower (hp) 

Fuel Flow {SCF/hr) 1&-l -l!f,; TTT&~o-
Engine Operating Hours Jd.'loo 
Engine Speed (npg) or (rpm)_ /?; ).!') JC,f+-- I '1 !"::? 
Air Manifold Temperature ("F) 

Air Manifold Pressure (psig or in. Hg) 
I ld- !13 113. 
I /-;.C) i-;< I I~ - i 

Engine Timing BTOC 

CALIBRATION 
o, 

Cone. Actual Cone. 

Zero Gas (.l t:-.0'\ r.) 

Low Gas 

MldGas II· "\ 11 Ji\ ;)<;; \ 
High Gas J. 1- i ..?.\. b LJ-.:;7?. ';).. 

BIAS 
o, 

zoro Mid Zero 

}1'\t(.,.. .l...-1 
(/ 

Run#4 

NOX 
Actual 

() • 1-( 

d.CJJ. --,)( 
i-f5ro. "" 

NOx 
Mid 

AIR HYiiiENE. 

I I o, INOxl coiTHclco,lso,l 
CYLINDER Low I I 

SERIAL 

NUMBERS I Mid I I 

High I : I : I I 

Average 

I 
co 

Cone. Actual 

0 V• I s 

J5 i .HJ .. J I 
i.f(-9 ~ic;'\. "X -l.. 

co 
Zero Mid 

NO:_ CONVERSION 

N01 Gas (ppm) 

NO Reading (ppm) 

NOx Reading (ppm) 

CyllnderNum 

l.f'K.'-r 

REPORT INFORMATION 

I INSTRUMENT~ SERIAL# 

o, ''"'"'c 
NOx i.j)-, 
co 9i'.L 

THC :4..!() 
co, -- I -
so, 1-

RESPONSE TrME 

I TIME (hh:mmJI RESP (min) 

Gas InJect 

1$1 Jnst @ 95% I I 

z"d lnst.@ 95% I I 

3'<~-rnst.@ 95%- I I 

THC co, 
Cone. Actual Cone. I Actual 

THC co, 
Zero Zero I Mid 

Stack. Oia.- ----

Measured By:---

Measured With: 

N 

"' 0 
~ 

"' 

Initial/Run #1 <!. D '{ lli·"'" c. ,·r-_L.Vit1·1x iJ .J ') l..l•J'T ;!, (). D c 
I Mid 

~6. 6 i 

Run #1/Run #2 

Run #2/Run #3 

Run #3/Run #4 ln·JJ I L.'l_t j• (; s ;lof&.tz-'71 Q:JR'l 1-11 S· f.r, I 0· U• ;;.-;,. I+-
Run #41Fina( 

Bias Gas Actual Cone. 
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January 8, 2015 

Regional Administrator 
U.S. EPA- Region 6 

.. 

Fountain Place 12th Floor, Suite 1200 
1445 Ross Avenue 
Dallas, TX 75202-2733 

Dear Administrator: 

JAN 2 8 2.Qt5 
Aff{ rnxtcs t!t Inspection 
Goo~iriation Branc'· 

6EN-A 

Enclosed please find one copy each of the following 40 CFR 60, Subpart JJJJ emission compliance test reports, submitted by Air Hygiene International, Inc., on behalf of XTO Energy, Inc. for the following engines. 

• Enderco 1-4, Franki 1-4H9, unit #6785, Love County, OK ..----~--

• Hart 1-03H, unit #805637, Love County, OK 
..,.... __ -;. Miller 2-5 2H35, unit #6684, Carter County, OK 

• Skytrain, unit #E01161, Carter County, OK 

If you have any questions, comments, or concerns please feel free to contact me at (918) 810-5638 or mplummer@airhygiene.com. 

Sincerely, 0 ~ . 
~~m~ 

Regional Manager- Fort Worth, TX 

Encl. (4) 

cc: 
xto-14-multi .ok-eng#13 
Willial"'(l Payne, XTO Energy, Inc. 
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EMISSION COMPLIANCE TEST 
EPA 40 CFR PART 60 SUBPART JJJJ 

FOR THE 
CATERPILLAR, G3306 TA, UNIT #805637, 

SERIAL #R6S02346 
PREPARED FOR 

XTO ENERGY, INC. 
AT THE 

HART 1-03H 
LOVE COUNTY, OKLAHOMA 

NOVEMBER 17, 2014 

Prepared and Reviewed by: 

lt:tt::-t2:U0s-- ~ 
Nathan Arthur, QSTl 
Project Manager 

Matt McBride, QSTI 
Test Manager 

John M. Plummer, QSTI 
Regional Manager-Fott Worth, TX 
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Emissions Compliance Test 
Caterpillar, G3306 TA, Unit #805637, Serial #R6S02346 

XTO Energy, Inc. 
Hart 1-03H 

Love County, Oklahoma 
November 17, 2014 

1.0 INTRODUCTION 

Air Hygiene International, Inc. (Air Hygiene) has completed the emissions testing study for nitrogen oxides 
(NOx), carbon monoxide (CO), volatile organic compounds (VOC), and oxygen (02) from the exhaust of the 
Caterpillar, 03306 TA, Unit #805637, Serial #R6S02346 for XTO Energy, Inc. at the Hart l-03H near Love 
County, Oklahoma. This report details the background, results, process description, and the sampling/analysis 
methodology of the stack sampling survey conducted on November 17,2014. 

1.1 TEST PURPOSE AND OBJECTIVES 

The purpose of the test was to conduct the initial emission test to document levels of selected pollutants with the 
unit operating within 10% of peak or highest achievable load. The information will be used to confirm 
compliance with the United States Environmental Protection Agency (EPA) Code of Federal Regulations (CFR), 
Title 40, Part 60 (40 CFR 60), Subpart JJJJ and the Oklahoma Department of Environmental Quality (ODEQ) air 
quality permit requirements. The specific objective was to determine the emission concentration ofNOx, CO, 
VOC, and 0 2 from the exhaust of XTO Energy, Inc.'s Caterpillar, 03306 TA, Unit #805637, Serial #R6S02346. 

1.2 SUMMARY OF TEST PROGRAM 

The following list details pertinent information related to this specific project: 

1.2.1 Participating Organizations 
• Oklahoma Department of Environmental Quality (ODEQ) 
• XTO Energy, Inc. 
• Air Hygiene 

1.2.2 Industry 
• Natural Gas Transport and Processing 

1.2.3 Air Permit and Federal Requirements 
• Permit Number: 2013-2068-NOI 
• 40 CFR 60, Subpmt JJJJ 

1.2.4 Plant Location 
• Hart l-03H near Love County, Oklahoma 
• GPS Coordinates [Latitude 33.9700, Longitude -97.1924] 

1.2.5 Equipment Tested 
• Caterpillar, 03306 TA, Unit #805637, Serial #R6S02346 
• Engine Hours: I ,667 
• Engine Name Plate and Serial Number Verification 

xto-14-multi.ok-eng#l3-Hart J-03H_805637 
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Ar. No. 3299619 comp. Ratio 8 

Aftercooler Tempetature 54 ~ C - 130 'F 

Ignition Timing ('BTDC) ;'!5 

Advertised Power 151.5 kW 203 HP 

Full Load Speed 18QO 

I 

1.2.6 Emission Points 

;1 

• Exhaust from the Caterpillar, 03306 TA, Unit #805637, Serial #R6S02346 
1.2. 7 Emission Parameters Measured 

• NOx 
• co 
• voc 
• o, 

1.2.8 Date of Emission Test 
• November 17,2014 

1.2.9 State Certification 
• State of Oklahoma: Certificate of Authority No. 4589 

1.3 KEY PERSONNEL 

XTO Energy, Inc.: 
Air Hygiene: 

2.0 SUMMARY OF TEST RESULTS 

William Payne 
Mike Plummer 

817-885-3165 
918-810-5638 

Results from the sampling conducted on XTO Energy, Inc.'s Caterpillar, 03306 TA, Unit #805637, Serial 
#R6S02346 located at the Hatt I-03H on November 17, 2014 are summarized in the following table and relate 
only to the items tested. 

The results of all measured pollutant emissions were below the required limits. All testing was performed without 
any real or apparent errors. All testing was conducted according to the approved testing protocol. 

xto-14-multi.ok-eng#I3-Hart l-03H_805637 
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TABLE 2.1: ENGINE EMISSIONS REPORT 
XTO ENERGY, INC. 

CATERPILLAR, G3306 TA, UNIT #805637, SERIAL #R6S02346 

Test Period: Qtr 4-2014 Manufacturing Air Permit Number: 2013-2068-NOI 

Location: Hart 1-03H or Rebuild Date Unit Number: 805637 

Date: November 17, 2014 03/07/14 Suction Pressure (psi): 54 

Project Number: xto-14-multi.ok-eng#13 Discharge Pressure (psi): 1,049 

Engine Manufacturer: Caterpillar Federal Stack Exhaust Temperature (°F): 906 

Engine Model: G3306 TA Regulatory Rated Horsepower (hpr): 203 

Engine Serial Number: R6S02346 Citation Brake Horsepower (bhp): 127 

Analyzer Manufacturers: TECO(NOx), TECO(CO), SERV(02), VIG(VOC) Subpart JJJJ Engine Fuel Flow (SCFH): 1,140 

Analyzer Model Numbers: 42c, 48i. 1440,210 Specific Gravity: 0.7964 

Date Analyzers Calibrated: November 17, 2014 40 CFR 60.4233 (e) Fuel Heating Value [LHV] (Btu/SCF): 1,196 

Test Results and Calculations: Appendix A BSFC (Btu/hp*hr): 10,736 

Emission Data Records: Appendix B Annual Hours Allowed to Operate: 8,760 

Calibration Gas Certifications: Appendix C Engine Speed (rpm): 1.402 

Quality Assurance and QC Data: Appendix D Air Manifold Temp (~F): 86 

Fuel Analysis Records: Appendix E Air Manifold Pressure (psia): 15.6 

Ambient Temperature (°F): 37.3 Operating Hours (hours): 1,667 
Barometric Pressure (in. Hg): 29.41 Available Horsepower (hpa): 158 

Relative Humidity(%): 47 Rated Engine Speed (rpm): 1,800 

Emission Test Results Rated Manifold Pressure (in. Hg (abs)): 

Pollutant (units) Stack Test Results State Limits Federal Limits Passing Engine Load(%): 80 

o, (%) 0.00 "" "" "" Differential Pressure (in H:zO): "" 

NOx (ppmvd) 27.27 -- ·- "" ~Brake horsepower available from engine panel. 

co (ppmvd) 224.35 -- ·- "" 
-Available horsepower based on the engine speed ratio (actual vs 

voc (ppmvd) 0.50 
rated), see Engine Spec Sheet, Appendix B. 

"" "" - -Load based on Brake horsepower vs available horsepower. 
NOx (ppmvd@15%02 ) 7.70 82.00 82.00 YES 
co (ppmvd@15%02 ) 63.33 270.00 270.00 YES 
voc (ppmvd@15%02 ) 0.14 60.00 60.00 YES 
NOx (lb/hr) 0.04 "" "" "" 

co (lb/hr) 0.21 "" "" -· 
voc (lb/hr) 0.00 -- ·- -
NOx (g/hp*hr) 0.15 1.00 1.00 YES 
co (g/hp*hr) 0.76 2.00 2.00 YES 
voc (g/hp*hr) 0.00 0.70 0.70 YES 

All testing conducted according to United States Environmental Protection Agency (EPA), Methods: 3a, 4, 7e, 10, Tested By: Air Hygiene International, Inc. 

19 and 18/25a. 
Tester(s) I Test Unit(s): MP/216 
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3.0 SOURCE OPERATION 

3.1 PROCESS DESCRIPTION 

The unit tested was a Caterpillar, G3306 TA, Unit #805637, Serial #R6S02346. The engine is rated at 203 
horsepower. The engine emissions are vented to the atmosphere through an exhaust system extending from the 
engine. A Non-Selective Catalytic Reduction (NSCR) catalyst is located between the engine and the exhaust 
stack. 

3.2 SAMPLING LOCATION 

The stack measures 6 inches in diameter with an elevation at the top of 12 feet above grade. The stack lacked 
exhaust ports and testing was conducted using a stainless steel hook over the top of the stack and down into the 
exhaust. The hook extended at least 0.5 stack diameters from the exit to the atmosphere and at least 2.0 stack 
diameters from the upstream disturbance. All exhaust samples for gaseous emissions were continuously drawn 
from a single point near the center of the stack. 

4.0 SAMPLING AND ANALYTICAL PROCEDURES 

4.1 TEST METHODS 

The emission test on the Caterpillar, G3306 TA, Unit #805637, Serial #R6S02346 at the Hmt l-03H was 
performed following United States Environmental Protection Agency (EPA) methods described by the Code of 
Federal Regulations (CFR). Table 4.1 outlines the specific methods performed on November 17, 2014. 

TABLE4.1 
SUMMARY OF SAMPLING METHODS 

Pollutant or Parameter 
Sampling 

Analysis Method 
Method 

Sample Point Location EPA Method 1 Equal Area Method 

Oxygen EPA Method 3A Paramagnetic Cell 

Stack Moisture Content EPA Method 4 
Section 16.4 FFactor Based 
Calculation 

Nitrogen Oxides EPA Method 7E Chemiluminescent Analyzer 

Carbon Monoxide EPA Method 10 
Nondispersive Infrared 
Analvzer 

Volatile Organic Compounds 
EPA Method Gas Chromatograph and 
18/25A Flame Ionization Detector 

Stack Flow Rate EPA Method 19 Dry Oxygen F Factor 

Calibration Gas Dilution EPA Method 205 Mass Flow Controller 
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4.2 INSTRUMENT CONFIGURATION AND OPERATIONS FOR GAS ANALYSIS 

The sampling and analysis procedures used during these tests conform with the methods outlined in the Code of 
Federal Regulations (CFR), Title 40, Part 60, Appendix A, Methods I, 3A, 4, 7E, I 0, 18, 19, 25A; and 40 CFR 
51, Appendix M, 205. 

Figure 4.1 depicts the sample system used for the real-time gas analyzer tests. The gas sample was continuously 
pulled through the probe and transported, via heat-traced Teflon® tubing, to a stainless steel minimum-contact 
condenser designed to dry the sample. Transportation of the sample, through Teflon® tubing, continued into the 
sample manifold within the mobile laboratory via a stainless steel/Teflon® diaphragm pump. From the manifold, 
the sample was partitioned to the real-time analyzers through rotameters that controlled the flow rate of the 
sample. Exhaust samples were routed to the wet based analyzer prior to gas conditioning. 

Figure 4.1 shows that the sample system was also equipped with a separate path through which a calibration gas 
could be delivered to the probe and back through the entire sampling system. This allowed for convenient 
performance of system bias checks as required by the testing methods. 

All instruments were housed in an air-conditioned, trailer-mounted mobile laboratory. Gaseous calibration 
standards were provided in aluminum cylinders with the concentrations certified by the vendor. EPA Protocol 
No. 1 was used to determine the cylinder concentrations where applicable (i.e. NOx calibration gases). 

Table 4.2 provides a description of the analyzers used for the instrument portion of the tests. All data from the 
continuous monitoring instruments were recorded on a Logic Beach Portable Data Logging System Hyperlogger 
which retrieves calibrated electronic data from each instrument every one second and reports an average of the 
collected data every 30 seconds. Data records can be found in Appendix A and B of this report. 

Three test runs of approximately 60 minutes each were conducted on the Caterpillar, 03306 TA, Unit #805637, 
Serial #R6S02346 with the unit operating within 10% of peak or highest achievable load for NOx, CO, VOC, and 
o,. 

The stack gas analysis for Oz concentrations was performed in accordance with procedures set fmih in EPA 
Method 3A and 20. The Oz analyzer uses a paramagnetic cell detector. 

EPA Method 7E was used to determine concentrations ofNOx. A chemiluminescent analyzer was used to 
determine the nitrogen oxides concentration in the gas stream. A NOz in nitrogen certified gas cylinder was used 
to verity at least a 90 percent NO, conversion on the day of the test. 

CO emission concentrations were quantified in accordance with procedures set forth in EPA Method 1 0. A 
continuous nondispersive infrared (NDIR) analyzer was used for this purpose. 

VOC emission concentrations were quantified in accordance with principles set forth in EPA Method 18 and 25A. 
A VIG 210 was used for this purpose. The VlG 210 includes both a conventional total hydrocarbon (THC) 
analyzer and an automated gas chromatograph (GC) for determining VOCs. Two FIDs (flame ionization 
detectors) were used for the measurements: one for the THC channel and the other for the automated GC which 
measured methane, ethane, and residual (VOCs). During each sample period gas sample is injected directly to the 
first FlO. This detector responded to all hydrocarbons in the sample and is used as a traditional FlO as needed. 
For VOC sampling, a heated gas sampling valve is used for direct injection of the gas on the GC column per 
Method 18, Section 8.2.2. The GC column separates hydrocarbon components based on their molecular 
configurations, weights, and boiling points. In this application, the analyzer used the gas chromatograph column 
to separate methane and ethane from the heavier residual hydrocarbons (i.e. VOCs). Methane eluted from the 
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sample first, it was immediately detected by the second FID; ethane eluted from the column second and was also 
detected by the second FID. The flow in the GC column was reversed (back-flushed) and the residual 
components were recombined and detected by the second FID as residual VOCs. Peak residual (VOC) values are 
reported by the analyzer between each sample period. EPA Method 7E bias and drift check criterion was used to 
validate data instead of EPA Method 18 recovery studies as it is has more stringent and comprehensive quality 
assurance procedures. EPA Protocol No. l traceable propane calibration gas was used to calibrate the residual 
channel of the analyzer and the calibration procedure followed the requirements of EPA Method 25A. In this 
application, the target compound was VOC (non methane, non ethane hydrocarbon); therefore, the methane, 
ethane, and total hydrocarbon channels of the analyzer were not formally calibrated. 

The calibration gas dilutions were performed in accordance with procedures set forth in EPA Method 205. The 
gas dilutor uses a mass flow controller and processing software to create user specified blends and concentrations 
of target calibration gases. Per the method requirements field verification was performed by introducing a mid
level supply gas directly into the analyzer, bypassing the gas dilution system. The procedure was repeated for a 
total of three mid-level supply gas injections. The difference between the certified concentration of the mid-level 
supply gas and the average instrument response was within two percent (Appendix D). Also, documentation of 
the date of the most recent dilution system calibration against flow standards and the name of the manufacturer 
who carried out the calibration is located in Appendix D of the test. 

Parameter Manufacturer 
and Model 

NOx THERM042c 

co THERM048i 

Calibration ENVIRONICS 
Gas Dilution 4040 

voc VIG 210 

02 
SERVOMEX 

1440 

TABLE 4.2 
ANALYTICAL INSTRUMENTATION 

Range Sensitivity Detection Principle 

User may 
Thermal reduction of N02 to NO. 
Chemiluminescence of reaction of 

select up to 0.1 ppm 
NO with o,. Detection by PMT. 

5,000 ppm 
Inherently linear for listed ranges. 

User may Infrared absorption, gas filter 
select up to 0.1 ppm correlation detector, microprocessor 
10,000 ppm based linearization. 

User may 
select cone. 0.1 ppm Mass Flow Controller 
and flow rate 

User may 
GC Column and Flame Ionization 

select up to 0.1 ppm 
Detector 10,000 ppm 

0-25% 0.1% Paramagnetic cell, inherently linear. 
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EMISSION CALCULATIONS SUMMARY TABLES 

Company: XTO Energy, Inc. 
Engine Tested: Caterpl!!ar, GJJOS TA, Unit#S05SJ7 

Engine Serial#: R6S02346 

Stack Gas Flow Rate: Method 19 

Test# 
Brake 

0 2 Cone.(%) Fuel Heaffng [IIHV[ 

Horsepower Value (BiuiSCF) 

1 127 0.00 1,316 

2 127 0.00 1,316 

3 127 0.00 1,316 

Average 127 0.00 1,316 

NOx Mass Emission Rate 

Test# 
Brake NOx Cone. 

MW 
Horsepower {ppmvd) 

1 127 26.17 46.01 

2 127 27.18 46.01 

3 127 28.45 46.01 

Average 127 27.27 46.01 

NOx @15%02 Concentration 

Test# 
Brake NOx Cone. NOx @15%02 

Horsepower {ppmvd) {ppmvd) 

1 127 26.17 7.39 

2 127 27.18 7.67 

3 127 28.45 8.03 

Average 127 27.27 7.70 

CO Mass Emission Rate 

Test# 
Brake CO Cone, 

MW 
Horsepower (ppmvd) 

1 127 201.28 28.00 

2 127 222.27 28.00 

3 127 249.50 28.00 

Average 127 224.35 28.00 

CO @15%02 Concentration 

Test# 
Brake co Cone. C0@15%02 

Horsepower (ppmvd) (ppmvd) 

1 127 201.28 56.82 

2 127 222.27 62.75 

3 127 249.50 70.43 

Average 127 224.35 63.33 

VOC Mass Emission Rate 

Test# 
Brake VOC Cone. 

MW Horsepower (ppmvd) 

1 127 0.06 44.00 

2 127 1.43 44.00 

3 127 0.01 44.00 

Average 127 0.50 44.00 

VOC @15%02 Concentration 

Test# 
Brake VOC Cone. voc @15%02 

Horsepower (ppmvd) {ppmvd) 

1 127 0.06 0.02 

2 127 1.43 0.40 

3 127 0.01 0.00 

Averaqe 127 0.50 0.14 

xto-14-multi.ok-eng#13-Hart 1-03H_805637 

Date: November 17, 2014 
Location: Hart 1-03H 

F Factor-Dry Oxy. Fuel Flow Stack Flow 
{DSCFex/MMB!u) (SCF/hr) {SCF/hr) 

8,741.46 1,140 13,111 

8,741.46 1,134 13,042 

8,741.46 1,146 13,180 

8,741.46 1,140 13,111 

E {g/hp'hr) E(lb/hr) 

0.15 0.04 

0.15 0.04 

0.16 0.04 

0.15 0.04 

E (g/hp'hr) E(lb/hr) 

0.69 0.19 

0.75 0.21 

0.85 0.24 

0,76 0.21 

E (g/hp'hr) E (lb/hr) 

0.00 0.00 

0.01 0.00 

0.00 0.00 

0.00 0.00 
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Calculations, Formulas, and Constants 
The following information supports the spreadsheets for this testing project. 

Given Data: 
Ideal Gas Conversion Factor= 385.23 SCF/Ib-mol at 68 deg F & 14.696 psia 

Fuel Heating Value is based upon Air Hygiene's fuel gas calculation sheet. All calculations are based upon a correction to 68 deg F & 14.696 psia 

High Heating Values (HHV) are used for the Fuel Heating Value, F-Factor, and Fuel Flow Data per EPA requirements. 

ASTM D 3588 
Molecular Weight of NOx (lb/lb-mole) = 46.01 

Molecular Weight of CO (lbllb-mole) = 28.00 

Molecular Weight of 802 {lbllb-mole) = 64.00 

Molecular Weight of THC (propane) (lbllb-mole) = 44.00 

Molecular Weight ofVOC {methane) (lbllb-mole) = 16.00 

Molecular Weight of NH3 {lb/lb-mole) = 17.03 

Molecular Weight of HCHO (lb/lb-mole) = 30.03 

Formulas: 
1. Corrected Raw Average (CGas), 40CFR60, App. A, RM 7E, Eq. 7E-5 (08/15/06) 

c, ~(c.,,,- C 0 )x( c,~~'c 0 ) 

2. Correction to% 0 2, 40CFR60, App. A, RM 20, Eq. 20-5 (11126/02) 

( 
20.9% - AdjFactor ) 

caaJ = CGm(T.rg~t) X 20 9o/c- c 
· 0 Gtn(Ol) 

3. Correction to% 0 2 and ISO Conditions 

C C ft' (19<(H,-O.OO<ll)) ( 288 )"'' 
Jso= AaJX pxe X T 

o a 

4 MfthnrltCJ '>fnck ~xhrmsf l!nw ('>rfh) 

Qs =(FFactorxQ1 xHm
7 ·)J 20,9% ) 

. I,ooo ,ooo l2o ,9%- c,,0 ,) 

xto-14-multi. ok-eng#13-Hart 1-03H_ 805637 
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40CFR60, App. A., RM 19, Table 19-1 
Conversion Constant for NOx"' 0.0000001194351 

conversion Constant for CO"' 0.0000000726839 

Conversion Constant for S02 "' 0.0000001661345 

Conversion Constant for THC"' 0.0000001142175 

Conversion Constant for VOC {methane)"' 0.0000000415336 

Conversion Constant for NH 3 "' 0.0000000442074 

Conversion Constant for HCHO = 0.0000000779534 

NOTE: units are lb/ppm•n3 

5. Emission Rate in lb/hr 

6. Emission Rate in tons per year 

_ E,61111 xhryw 
E f(j}J I }7 2000 

7. Emission Concentration in lb/MMBtu {02 based) 

E _ Ca(a xFdFactor xCom'c x20.9% 
lh 1.\l.l{BI~t - 20 9, _ C 

' 70 GM(Ol) 

8. Emission Concentration in g/hp~hr 

E 
Elbil> X 453.6 Elblh• X 453.6 

lhp-hr = 0}' 
g III<V X 1341.022 hp 

App.A 



EXAMPLE CALCULATIONS (FFACTOR) 

RM 19, (02-27-14), 
Mark's Std Hdbk, 10th ed.,pg 4-26 2.0 Summary of Method, 

2.1 Emission Rates. Oxygen High Heat Value Dry (HHVdry). calc for Methane {single component for the fuel gas) 

(02) or carbon dioxide (C02) 

HHV .,(Btu! SCF)= [(':~~ )xacM l concentrations and appropriate HHVdry= 
70.58% 994.85 Btu 

~ 
702.12 Btu 

F factors (ratios of combustion 100.00 
X 

SCF SCF 
gas volumes to heat inputs) are 
used to calculate pollutant 
emission rates from pollutant 

Mark's Std Hdbk, 1oth ed., pg 4-26 
concentrations. 

Low Heat Value Dry (LHVdry). calc for Methane {single component for the fuel gas) 

LHV do (Bill I SCF) = [ (':~~ )x NCM l LHVdry = 70.58% 895.75 Btu 632.19 Btu 
RM 19, (02-27-14), X ~ 

12.2 Emission Rates of PM, 
100.00 SCF SCF 

S02, and NOx. Select from the 
following sections the applicable 
procedure to compute the PM, Civil Eng. Ref. Man.,7th Ed.,pg 14-9/GPA Ref. Bulletin 181-86, App. C 

S02, or NOx emission rate (E) High Heat Value Wet (HHVweJ, calc for entire sample (all components of the fuel gas) 

in lb/MMBtu. The pollutant 
HHV,. concentration must be in lb/scf 1,315.68 Btu/SCF 

and the F factor must be in 
HHV_,,(Btu/ SCF) = · HHV...,.,1= ~ 1,285.34 Btu/SCF 

1V I D.factor 1.0236 
scf/MMB!u. If the pollutant 
concentration (C) is not in the 
appropriate units, use Table 

Civil Eng. Ref. Man., 7th Ed.,pg 14-9/GPA Ref. Bulletin 181-86, App. C 19-1 in Section 17.0 to make 
the proper conversion. An F Low Heat Value Wet {LHV,.,..,J, calc for entire sample (all components of the fuel gas) 

factor is the ratio of the gas 
LHV..,. volume of the products of LHV,<1(Btul SCF) LHVwet = 

1,196.01 Btu/SCF 
~ 1,168.44 Btu/SCF 

combustion to the heat content WID.factor 1.0236 
of the fueL The dry F factor (F d) 
includes all components of 
combustion less water, the wet 

Lbs Component per Lb-Mol of Gas (CM), calc for Methane (single component for the fuel gas) 
F factor (Fw) includes all 

components of combustion, and 

CM(lb!lb-mol)=[(':~~ )xMw] 
70.58% 16.04 lb the carbon F factor (F c) includes CM~ 
100.00 

X 
lb-mol 

= 11.32 lb/lb-mol 
only carbon dioxide. 

ASTM D 3588 Btu per Lb of Gas Gross (GCV) 
[HHV xG] Fuel Molecular Weight (MWruet) GCV (Btu lib)~ "' 

MTV '"'' (lb I lb ·mol)= iL: (CM )] MWruel = 11.32 lb/lb-mol JJJV Ful 

+ 4.12 lbl!b-mol 1,315.68 Btu/SCF X 385.23 fe/lbmol 
Gcv~ ~ 21,972.90 Btul!b 

+etc.= 23.067 lb/!b-mol 23.067 lb/Jb-mol 

ASTM D 3588 (SG) 
SG ~ [MTV '"' l SG~ 

23.07 lb/!b-mol Btu per Lb of Gas Net {NCV) 
[ LHV xG] Specific Gravity 28.96 lbl!b-mol NCV (Btu I lb )= d!J 

JfTV AM 
~ 0.7964 AflV F<~l 

Ncv~ 
1,196.01 Btu/SCF X 385.23 rellbmol 

~ 19,974.45 Btu/lb 
23.067 lb/lb-mol 

Weight Percent of Component {C%), methane 

c,,(%)=[( ~ }1oo] 
. .l!W 1"'1 

Weight Percent of Volatile Organic Compounds (VQC,1j 

_ 11.32 lb/lb-mol [c,n,. ] c% X 100 ~ 49.09 °/o VOC,.(%)= L M,. 
23.07 lbl!b-mol C1H1 VOC%= 15.66% + 1.74 % + 6.43 % + etc. = 29.21 % 

RM 19, (02-27-14), 12.3.2 Determined F Factors. If the fuel burned is not listed in Table 19-2 or if the owner or operator chooses to determine an F 
factor rather than use the values in Table 19-2, use the procedure below: 12.3.2.1 Equations. Use the eq 

RM 19, (02-27-14). F _ K(KM%H +Kc%C+K1 %S+Kn%N -K0 %0) 
Eq. 19-13 

12.1 Nomenclature d- GCV 
K <scfllb)f% 

H 3.64 
Fd = 

106Btu [3.64 SCF 11 o/, 1.53 SCF 
75.50 % + 

0.57 SCF 
1.53 MMBtu X lb'% X 2. 0 o +---x X 0.00 % + 

c lb'% !b'% 
s 0.57 

N, 0.14 0.14 SCF 
2.18 % 

0.46 SCF %} lb 8,741.46 SCF 
o, X X 1.22 ~ 

0.46 lb'% lb'% 21 ,972.90 Btu MMBtu 

Note. lack of Significant figures may cause roundmg errors between actual calculations and example calculatmns. 
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EXAMPLE CALCULATIONS (INFORMATION) 

Specific Humidity (RH.p) Note: RHsp {gr/lb) calculated using temperature, relative humidity; and barometric pressure with 
psychrometric chart, psychrometric calculator, or built in psychrometric algorithm. 

RH,, {lbllb)= [(gr)x _lb_] 
lb 7000 gr 

15.4lb2 gr X --=c'ol "lb_ = 
7000 gr 

0 002203 lb H20 
. lbAir 

Calculated Stack Gas Moisture Content (Bwsl 
RM 4, (02-27-14), 16.4 Using F-factors to determine moisture is an acceptable alternative to Method 4 for a 
combustion stack not using a scrubber. Jf this option is selected, calculate the moisture content as follmvs: [with 
corrected equations from the Final Rule: Revisions to Test Methods and Testing Regulations} 

Bw5 (%) = Bn (%)+B.~(%)+ Bp(%) 

Bws=17.91 °/o+ 0.35 %+ 0.15 %= 18.41% 

[[ 
{ 18.015}' { 18.oi5}f I r HH 0.0036X 2.36X--- +0.075X 2.36X--B.,(%)=[(1_F,)('0;-0,)]+[( %RH )xwi''"'i_,,.,,.))]+ ,\m',., MW,., 20;-o,) 

F~ _0.9 IOOxP~~' 100 _0.9 

BH ::: mole fraction of moisture from the hydrogen in fuel 
W {%, by weight) ::: 2.36 mol% x 18.015 --='=-=--- ::: 1.8432 % 23.067 I a11o.o) I 2o.8 ~ o.oo ) 

BH(%)=\ 1 ~ ~ \ 
20

_
9 

::: 17.91% 2.36 mol%::: %H20 {mol%) at EPA Standard Conditions 

(68°F and 14.696psia); MWwater::: 18.015 lb/lb-mol 
BA::: mole faction of moisture in the ambient air 

BA(%)::: 49 { 6.6912 
X 

100 X 29.41 10 

3144 ) 
36 + 390.86 ::: 0.35 % 

BF = mole faction of moisture from free water in the fuel 

Bp(%) i 0.0036 X 1.8432
1
:

0 
+ 0.075 x 1.8432} { 20.9 - 0.00 )= 0.15 0/ 

20.9 
10 

EXAMPLE CALCULATIONS (CALIBRATION) 

Analyzer Calibration Error 

RM 7E, {02~27~14), 12.2 Analyzer Calibration Error. For non-dilution systems, use Equation ?E-1 to calculate the analyzer calibration error for the 
low-, mid~, and high~level calibration gases. (calc for NOx analyzer mid gas, if applicable) 

Eq. 7E-1 ACE= 

Calibration Error and Estimated Point, RM 25A, THCNOC Analyzer 

57.94 ppm~ 60.00 ppm 
125.00 ppm 

x100= ~1.65% 

RM 25A, (02-27~14), 8.4 Calibration Error Test. Immediately prior to the test series (within 2 hours of the start of the test), introduce zero gas and high
level calibration gas at the calibration valve assembly. Adjust the analyzer output to the appropriate levels, if necessary. Calculate the predicted 
response for the low-level and mid-level gases based on a linear response line between the zero and high-level response. Then introduce low-level 
and mid-level calibration gases successively to the measurement system .... These differences must be less than 5 percent of the respective 
calibration gas value. (calc for THCNOC analyzer mid gas, if applicable) 

E, 

Eq. 7E-1 

Eq. of a line 
y=mx+b 

100.34 ppm~ -0.02 ppm 
Ep = x 65.00 ppm+ -0.02 = 65.21 ppm 

100.00 ppm- 0.00 ppm 

= :B:o5c:.4~0CJp~p~m!:-:_.:.:6500.::_21!..EJPP~m!!... ACEvoc -
65.00 ppm 

x100= 0.29 % 

Note: Lack of S!Qil!ficant figures may cause roundmg errors between actual calcula!tons and example calculattons. 
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EXAMPLE CALCULATIONS (BIAS, DRIFT, AND CORRECTED RAW AVERAGE) 

System Bias 

RM 7E, (02-27-14), 12.3 System Bias. For non-dilution systems, use Equation 7E-2 to calculate the system bias separately for the low-level and 
upscale calibration gases. (calc for NOx analyzer upscale gas, Run 1 initial bias, if applicable) 

Eq. 7E-2 SB = 

Drift Assessment 

59.96 ppm- 57.94 ppm 
125.00 ppm 

x100= 1.62 % 

RM 7E, {02-27-14), 12.5 Drift Assessment. Use Equation 7E-4 to separately calculate the low-level and upscale drift over each test run. (calc for 
NOx analyzer upscale drift, Run 1, if applicable) 

Eq. 7E-4 D = I 1.78 % - 1.62% i= 0.17 % 

Bias Adjusted Average 

RM 7E, {02-27-14), 12.6 Effluent Gas Concentration. For each test run, calculate Cavg, the arithmetic average of all valid NOx concentration values 
{e.g., 1-minute averages). Then adjust the value of Cavg for bias, using Equation 7E-5b. (calc for NOx analyzer, Run 1, if applicable) 

c - lc . c )x( Cu, ) aa.r- ~ Alg- 0 C -C 
J/ 0 

Eq. 7E-5b 

EXAMPLE CALCULATIONS (Brake Horsepower) 

Brake Horsepower {bhp) 
BHP = hpa X Load 

BHP = 127 hp 

Available Horsepower (hPa) 

actual rpm 
hPa =Rated Horsepower x--"'7'7-="-

rated rpm 

hpa = 203 hp x 1,4°7 rpm = 159 hp 
1,800 rpm 

Load(%) 
Brake Horsepower (bhp) 

load{%)=-~~~7C~~=c~~ 
Available Horsepower {hpa) 

127 BHP 
Load= 

159 hpa 
80 % 

CGas = (26.36 ppm- 0.29 ppJx [ 
60

·
00 

ppm I= 26.17 ppm J 60.07 ppm- 0.29 ppm J 

Note. Lack of stgnrficant figures may cause rounding errors between actual calcula!!ons and example calculatrons. 
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EXAMPLE CALCULATIONS (BSFC) 

Usilog LHV >Mth <;q (SCFH) LHV x Q 
BSFC(Btu/ lip· ilr)- r 

BSFC::: 1,196 Btu 
SCF 

bhp 

hr 

EXAMPLE CALCULATIONS (RUNS) 

Stack Exhaust Flow (Os)- RM19 

X -,::;1':-,-- " 
127 hp 

10,736 Btu 
hp*hr 

(
FFactar x Q1 x HHV) ( 20.9% ) 

Q _ 8,741.46 SCF 
s- MMBtu 

X __ 1:_c,1:_4::0:c.O::O_:So:.:C::F_ X 1,315.68 Btu 
hr SCF 

Qs= x 
1,000,000 20.9%- Caa.(Ol) 

MMB!u [ 20.90% l x----x 
106 Btu 20.9%- o.o %J 

13,111.06 SCFH 

Moisture Correction 

RM 7E, (02-27-14), 12.10 Moisture Correction. Use Equation 7E-10 if your measurements need to be corrected to a dry basis. (calc for NOx 
analyzer, Run 1, If applicable) Note Calculations may not match as Run 1 results are typically also bJas adJUSted 

Cw ~Cv x(I-B,.) 
Cw 21 35 ppmvw c Cn=-

1 
B Eq 7E-10 C0 = = 2617ppmvd ormversely, Cw= 2617ppmvdx 1-

-II:S 1-018 
0.18} 21.35 ppmvw 

Diluent-Corrected Pollutant Concentration, 0 2 Based 

RM 20, (11-26-02), 7.3.1 Correction of Pollutant Concentration Using Oz Concentration. Calculate the Oz corrected pollutant concentration, as 
follows: (calc for NOx gas, Run 1, if applicable) [now contained in applicable Subpart] 

c -C x(20.9%-AdjFactor) 
~- Gz(F..-g<~) 20.9%-CG"-'(02) 

Eq. 20-4 C ·=26.17 mx( 20·9%- 15·00 %:L 739 
adJ pp [20.9%- 0.00 %J . 

EXAMPLE CALCULATIONS (RUNS) 

Emissions Rate (g/hp-hr) 
Calculation for grams per horsepower-hour. Calculate, as follows: (calc for NOx gas Run 1, if applicable) 

E 101hr x453 6 _E~'~"~"'-;-x_4_5_3_._6 
E th lv = or 

g p- mw x 1341.022 hp 0.04 lb 453.6 g 1 
Egillp-hr = --hr- X lb X -:c12'0'7;--,h,-p " 

Note: Lac~ of si nificant fi tnes ma cause rour1din errors between actual calculations and example cafculations. 
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RM 7E, (08-15-06), 12.1 Nomenclature. The terms used in the equations are defined as follows: 

ACE= Analyzer calibration error, percent of calibration span. 
Bws = Moisture content of sample gas as measured by Method 4 or other approved method, percenl/100. 
c ... ,11 =Average unadjusted gas concentration indicated by data recorder for the test run. 

C0 =Pollutant concentration adjusted to dry conditions. 
C0, = Measured concentration of a calibration gas (low, mid, or high) when introduced in direct calibration mode. 
C0 , =Average effluent gas concentration adjusted for bias. 

CM =Average of initial and final system calibration bias (or 2-point system calibration error) check resoonses for the upscale calibration gas. 
C,A =Actual concentration of the upscale calibration gas, ppmv. 

C0 =Average of the initial and final system calibration bias (Of 2-point system calibration error) check responses from the lrn.v-level (or zero) calibration gas. 
Cs = Measured concentration of a calibration gas (low, mid, or high) when introduced in~ calibralion rrode. 
Css =Concentration of NOx measured In the spiked sample. 
Csp~• = Concentralion of NOx in the undiluted spike gas. 

Cca~o = Calculated concentration of NOx in the spike gas diluted in !he sample. 

Cv = Manufacturer certified concentration of a calibra!ion gas (low, mid, or high). 
Cw =Pollutant concentratlon measured under moist sample conditions, wet basis. 

CS =Calibration span. 
D::: Drift assessment, percent of calibration span. 
E? =The predicted response for the low-level and mid-level gases based on a linear response line between the zero and high-level response. 
Eff11 o~ = N02 to NO converter efficiency, percent. 

H = High calibratlon gas, designator. 

L =Low calibration gas, designator. 

M =Mid calibration gas, designator. 
NOFinal =The average NO concentration observed with the analyzer in the NO mode during the converter efficiency test in Section 16.2.2. 
NOxCorr = The NOx concentration corrected for the converter efficiency. 

NOxFinal =The final NOx concentration observed during the converter efficiency test in SecUon 16.2.2. 
NOxPeak =The highest NOx concentration observed during the converter efficiency test in Section 16.2.2. 
Q"P"• = Flow rate of spike gas introduced in system calibration mode, Umin. 

Orotat =Total sample flow rate during the spike test, Umin. 

R =Spike recovery, percent. 

SB = System bias, percent of calibration span. 
SB, = Pre-run system bias, percent of calibration span. 
SBr = Post-run system bias, percent of calibration span. 

SB I D"" = Allemative absolute difference criteria to pass bias and/or drift checks. 

SCE = System calibration error, percent of calibration span. 
SCE1"' Pre-run system cal'lbralion error, percert of calibration span 

SCE...-.a, = Post-run system calibration error, percent of calibratlon span. 

Z =Zero calibration gas, designator. 

40CFR60.355(b)(1), (09-20-06), Nomenclature, The terms used In the equations are defined as follows: 

P,::: reference combustor inlet absolute pressure at 101.3 kilopascals ambient pressure, mm Hg 
P. =observed combustor inlet absolute pressure at lest, rrm Hg 

Ho = observed humidity of ambient air, g H20/g air 

e =transcendental constant, 2.718 
T. =ambient temperature, K 

Small Engine and FTIR Nomenclature. The terms used in the equations are defined as follows: 

bhp =brake horsepower 

hp = horsepower 

O,Y>::: system flow (lpm) 

Om= matrix spike flow (lpm) 

xto-14-mui!Lok-eng#13-Hart 1-03H_805637 

15 of 55 
App.A 



RM 19, (07-29-06), 12.1 Nomenclature. The tenns used in the equations are defined as follows: 

AdjFactor =Percent oxygen or carbon dioxide adjustment applied to a target pollutant 
B,,~ = Moisture fraction of ambient air, percent 

Btu = British thermal unit 
%c =Concentration of carbon from an ultimate analysis of fuel, weight percent 

%cold.%co~ =Concentration of carbon dioxide on a dry and wet basis, respectively, percent. 

CIP f COP= Combustor inlet pressure f compressor discharge pressure (mm Hg); note, some manufactures reference as PCD. 

E = Pollutant emission rate, ng/J (lbfmillion Btu). 
E.= Average pollutant rate for the specified performance test period, ng/J (lb!million Btu). 
E.,, Eo~= Average pollutant rate of the control device, outlet and inlet, respectively, for the performance test period, ng/J (lbfmillion Btu). 

E01 = Pollutant rate from the steam generating unit, ng/J (lb/million Btu). 

Et>o = Pollutant emission rate from the steam generating unlt, ng/J (lbfmi!!ion Btu). 

~ = Pollutant rate in combined effluent, ng/J (lbfmil!ion Btu). 
E"" = Pollutant emission rate in combined effluent. ng/J (lbfmillion Btu}. 

E" =Average pollutant rate for each sampling period (e.g.,24-hr Method 6B sample or 24-hr fuel sample) or for each fuel lot {e.g., amount of fuel bunkered), ng/J (lbfmlllion Btu; 
Eo;= Average inlet S02 rate for each sampling period d, ng/J (lb/million Btu). 

E0 = Pollutant rate from gas turbine, ng/J (lb/million Btu). 
Eg, = Daily geometric average pollutant rate, ngfJ (lbs/mlllion Btu) or ppm corrected to 7 percent 0 2• 

Ep.Eji = Matched pair hourly arithmetic average pollutant rate, outlet and inlet, respectively, ngfJ (lbfmillion Btu) or ppm corrocted to 7 percent 0 2 . 

Eh = Hourly average poHutant, ng/J (lb/million Btu). 
E"i =Hourly arithmetic average pollutant rate for hour "j," ng/J (lb/million Btu) or ppm corrected to 7 percent 0 2• 

EXP =Natural logarithmic base (2.718) raised to the value enclosed by brackets. 

Fe= Ratio of the volume of carbon dioxide produced to the gross calorific value of the fuel from Method 19 
Fd, F"' F <=Volumes of combustion components per unit of heat content, scm/J (scffmillion Btu). 

re :: cubic feel 
G:: ideal gas conversion factor 

(385.23 SCF/Ib-mol at68 deg F & 14.696 psi a) 

GCM =gross Btu per SCF (constant, compound based) 
GCV =Gross calorific value of the fuel consistent with the uiUmate analysis, kJikg (Btu/lb). 
GCVP, GCV, =Gross calorific value for the product and raw fuel lots, respectively, dry basis, kJ/kg (Biu/lb). 

%"=Concentration of hydrogen from an ultimate analysis of fuel, weight percent. 
Hb =Heat input rate to the steam generating unit from fuels fired in the steam generating unit, Jlhr {million Btulhr). 

Hg:: Heat input rate to gas turbine from all fuels fired in the gas turbine, Jlhr (million 8\u/hr). 

%H<o =Concentration of water from an ultimate analysis of fuel, weight percent. 
H, =Total numbers of hours in the performance test period (e.g., 720 hours for 30-day performance lest period). 

K =volume of combustion component per pound of component (constant) 

K =Conversion factor, 10-5 (kJIJ)/(%) [106 Btu/million Btu]. 
Ke = (9.57 scmlkg)/"/o [(1.53 scfllb)/%]. 

Kec = (2.0 scmlkg)J% [(0.321 scfllb)/%] 

f<t.d = (22.7 scmlkg)/% [(3.64 scf/lb)l%]. 
~<n...,= (34.74 scm/kg)/% [(5.57 scf/lb)l%]. 

1<, = (0.86 scmlkg)l% {(0.14 scfllb)l%]. 
K.,:: (2.85 scm/kg)/% [(0.46 scfllb)l%}. 

1<, = {3.54 scm/kg)/% [(0.57 scf/lb)l%). 

I<,"~"":: 2x104 Btufwt%-MMBtu 
K,:: (1.30 scmlkg)/"/o [(0.21 scf/lb)l%) 

lb:: pound 

In= Natural log of indicated value. 
lp.L, =Weight of the product and raw fuel lots, respectively, metric ton (ton}. 
%,1 =Concentration of nitrogen from an ultimate analysis of fuel, weight percent 

M% = mole percent 

mol= mole 
MW =molecular weight (lbllb-mol) 

MW,.,,R = molecular weight of air ( 28.9625 lbllb·mole)1 

NCM = net Btu per SCF {constant based on compound) 
%0 = Concentration of oxygen from an ultimate analysis of fuel, weight percent. 

%02d, %0~:: Concentration of oxygen on a dry and wet basis, respectively, percent. 

Ps = barometirc pressure, in Hg 
P, =Potential S02 emissions, percent. 
%8 = Sulfur content of as-fired fuel lot, dry basis, weight percent. 

s. = Standard deviation of the hourly average pollutant rates for each performance test period, ng/J (lb/million Btu). 
%51 :: Concentration of sulfur from an ullimate analysis of fuel, weight percent. 

S(wt%) =weight percent of sulfur, per lab analysis by appropriate ASTM standard 
S; = Standard deviation of the hourly average inlet pollutant rates for each performance test period, ng/J (lb/million Btu). 

S,:: Standard deviation of the hourly average emission rates for each performance lest period, ng/J (lb/million Btu). 

%S?, %S, =Sulfur content of the product and raw fuel lots respectively, dry basis, weight percent. 

SCF = standard cubic feet 
SH =specific humidity, pounds of water per pound of air 
fo 95 =Values shown in Table 19-3 for the indicated number of data points n. 

T.,.., = ambient temperature, °F 
W/D Factor:: 1.0236 = conv. at 14_696 psia and 

68 deg F (ref. Civil Eng. Ref. Manual, 7th Ed.) 
Xc 02=C02 Correction factor, percent. 

x. = Fraction of total heat input from each type of fuel k. 
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XTO Energy, Inc. 

Air Permit Number: 2013-2068-NOI 

Plant Name or Location: Hart 1-03H 

Date: November 17, 2014 

Project Number: xto-14-m ulti. ok-eng#13 

Manufacturer & Equipment: Caterpillar 

Model: G3306 TA 

Serial Number: R6S02346 

Unit Number: 805637 

Tester(s) I Test Unit(s): MP/216 

RUN 

UNITS 1 2 3 
Start Time hh:mm:ss 08:54:03 10:09:33 11:42:03 

End Time hh:mm:ss 09:53:33 11:09:03 12:41:33 

Bar. Pressure in. Hg 29.41 29.41 29.41 

Amb. Temp. 'F 36 37 39 

Rei. Humidity % 49 47 45 

Spec. Humidity lb water /lb air 0.002203 0.002198 0.002277 

Avg. Stack Temp. 'F 907 907 904 
Engine Fuel Flow SCFM 19.0 18.9 19.1 

Engine Fuel Flow SCFH 1,140 1 '134 1,146 

Stack Moisture % Calculated 18.4 18.4 18.4 
Brake Horsepower bhp 127 127 127 
Rated Horsepower hp, 203 203 203 
Rated Engine Speed rpm 1,800 1,800 1,800 
Available Horsepower hp, 159 158 157 

Engine Load % 80 80 81 

Engine Speed rpm 1,407 1,403 1,396 
Air Manifold Pressure psi a 15.6 15.5 15.6 
Air Manifold Temp 'F 83 86 88 

Suction Pressure psi 54 54 53 
Discharge Pressure psi 1,052 1,046 1,050 

Operating Hours hours 1,667 
-Brake horsepower available from eng1ne panel. 
-Available horsepower based on the engine speed ratio (actual vs rated), see 
Engine Spec Sheet, Appendix B. 
-Load based on Brake horsepower vs available horsepower. 

Comp&RATA&Eng-AHI v6.0: November 7, 2014 
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XTO Energy, Inc. 
November 17, 2014 

Caterpillar, G3306 TA, Unit#805637, Serial #R6S02346 
Hart 1-03H 

Run- 1 
Date/Time Elapsed Time o, NOx co voc 

(mm/dd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd) (ppmvw) 
11/17/14 08:54:03 5100 -0.08 24.08 197.38 -0.16 
11/17/14 08:54:33 5130 -0.08 42.49 185.75 -0.22 
11/17/14 08:55:03 5160 -0.08 27.43 188.29 -0.23 
11/17/14 08:55:33 5190 -0.08 20.67 187.86 -0.13 
11/17/14 08:56:03 5220 -0.09 19.66 199.85 -0.14 
11/17/14 08:56:33 5250 -0.09 21.92 201.72 -0.08 
11/17/14 08:57:03 5280 -0.09 21.93 174.91 -0.08 
11/17/14 08:57:33 5310 -0.09 31.67 193.21 -0.22 
11/17/14 08:58:03 5340 -0.09 31.34 202.04 -0.23 
11/17/14 08:58:33 5370 -0.09 28.67 250.36 -0.20 
11/17/14 08:59:03 5400 -0.09 45.00 170.20 -0.22 
11/17/14 08:59:33 5430 -0.08 17.60 217.28 -0.22 
11/17/14 09:00:03 5460 -0.08 25.66 250.83 -0.21 
11/17/14 09:00:33 5490 -0.09 40.95 182.42 -0.04 
11/17/14 09:01:03 5520 -0.09 17.94 241.76 -0.04 
11/17114 09:01:33 5550 -0.09 50.98 223.50 -0.05 
11/17/14 09:02:03 5580 -0.09 28.71 240.83 -0.03 
11/17/14 09:02:33 5610 -0.08 37.16 214.90 -0.11 
11/17/14 09:03:03 5640 -0.08 21.54 212.31 -0.17 
11/17/14 09:03:33 5670 -0.08 33.06 180.82 0.07 
11/17/14 09:04:03 5700 -0.09 20.32 191.38 0.01 
11/17/14 09:04:33 5730 -0.09 23.79 207.61 -0.22 
11/17/14 09:05:03 5760 -0.09 19.26 247.44 -0.21 
11/17/14 09:05:33 5790 -0.09 25.45 199.36 -0.25 
11/17/14 09:06:03 5820 -0.09 26.24 250.42 -0.33 
11/17/14 09:06:33 5850 -0.09 38.69 199.06 -0.34 
11/17/14 09:07:03 5880 -0.09 26.07 205.23 -0.33 
11/17114 09:07:33 5910 -0.08 22.40 207.15 -0.25 
11/17/14 09:08:03 5940 -0.09 22.20 224.18 -0.23 
11/17/14 09:08:33 5970 -0.08 24.95 216.00 -0.24 
11/17/14 09:09:03 6000 -0.11 36.80 205.98 -0.24 
11/17/14 09:09:33 6030 -0.08 27.37 196.61 0.10 
11/17/14 09:10:03 6060 -0.08 24.14 243.66 0.17 
11/17/14 09:10:33 6090 -0.11 32.18 238.89 -0.04 
11/17/14 09:11:03 6120 -0.08 28.24 215.30 -0.05 
11/17/14 09:11:33 6150 -0.08 42.55 176.85 0.07 
11/17/14 09:12:03 6180 -0.08 41.99 168.04 0.14 
11/17/14 09:12:33 6210 -0.08 13.01 182.06 -0.07 
11/17/14 09:13:03 6240 -0.08 17.94 209.79 -0.12 
11/17/14 09:13:33 6270 -0.09 21.98 171.77 -0.04 
11/17/14 09:14:03 6300 -0.09 22.40 230.63 -0.04 
11/17/14 09:14:33 6330 -0.08 23.51 175.84 -0.23 
11/17114 09:15:03 6360 -0.08 26.81 141.48 -0.26 
11/17/14 09:15:33 6390 -0.09 17.79 191.90 -0.07 
11/17/14 09:16:03 6420 -0.08 29.88 215.06 -0.08 
11/17/14 09:16:33 6450 -0.07 26.37 147.99 -0.22 
11/17/14 09:17:03 6480 -0.08 40.80 203.50 -0.19 
11/17/14 09:17:33 6510 -0.08 12.80 206.79 -0.23 
11/17/14 09:18:03 6540 -0.08 19.74 242.84 -0.18 
11/17/14 09:18:33 6570 -0.07 38.89 162.48 -0.26 
11/17/14 09:19:03 6600 -0.07 22.46 208.44 -0.29 
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XTO Energy, Inc. 
November 17, 2014 

Caterpillar, G3306 TA, Unit #805637, Serial #R6S02346 
Hart 1-03H 

Run -1 
Date/Time Elapsed Time o, NOx co voc 

(mm/dd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd) (ppmvw) 
11/17/14 09:19:33 6630 -0.07 17.69 213.26 -0.23 
11/17/14 09:20:03 6660 -0.07 20.26 225.80 -0.23 
11/17/14 09:20:33 6690 -0.08 22.27 237.85 -0.29 
11/17/14 09:21:03 6720 -0.07 20.88 241.20 -0.29 
11/17/14 09:21:33 6750 -0.06 66.77 305.81 -0.14 
11/17/14 09:22:03 6780 -0.06 29.56 116.47 -0.18 
11117/14 09:22:33 6810 -0.06 15.80 176.93 -0.22 
11/17/14 09:23:03 6840 -0.06 19.16 193.87 -0.22 
11/17/14 09:23:33 6870 -0.06 13.18 215.14 0.06 
11/17/14 09:24:03 6900 -0.06 24.68 197.57 0.09 
11/17/14 09:24:33 6930 -0.05 45.57 216.03 -0.05 
11/17/14 09:25:03 6960 -0.05 15.25 190.70 -0.05 
11/17/14 09:25:33 6990 -0.05 23.26 195.70 0.05 
11/17/14 09:26:03 7020 -0.04 16.41 183.29 0.10 
11/17/14 09:26:33 7050 -0.04 25.49 197.83 -0.02 
11/17/14 09:27:03 7080 -0.04 19.67 183.54 0.00 
11/17/14 09:27:33 7110 -0.03 30.27 189.97 -0.31 
11/17/14 09:28:03 7140 -0.04 27.95 167.75 -0.29 
11/17/14 09:28:33 7170 -0.03 31.21 178.05 0.06 
11/17/14 09:29:03 7200 -0.03 29.35 276.52 0.04 
11/17/14 09:29:33 7230 -0.03 20.84 208.75 -0.20 
11/17/14 09:30:03 7260 -0.02 21.85 168.66 -0.17 
11/17/14 09:30:33 7290 -0.02 26.57 188.46 -0.06 
11/17/14 09:31:03 7320 -0.03 37.88 193.46 -0.11 
11117114 09:31:33 7350 -0.02 19.25 206.06 -0.09 
11/17/14 09:32:03 7380 -0.02 25.52 232.35 -0.08 
11/17/14 09:32:33 7410 -0.02 25.49 180.59 -0.08 
11/17114 09:33:03 7440 -0.03 24.05 193.61 -0.04 
11/17/14 09:33:33 7470 -0.02 23.41 200.59 -0.34 
11/17/14 09:34:03 7500 -0.01 23.37 181.77 -0.30 
11/17/14 09:34:33 7530 -0.01 32.91 178.25 0.00 
11/17/14 09:35:03 7560 -0.01 30.73 196.17 -0.01 
11/17/14 09:35:33 7590 -0.01 32.60 200.71 -0.19 
11/17/14 09:36:03 7620 0.00 24.34 187.66 -0.23 
11/17/14 09:36:33 7650 -0.02 31.24 182.68 -0.19 
11/17/14 09:37:03 7680 -0.03 34.52 183.01 -0.21 
11/17/14 09:37:33 7710 -0.03 13.83 195.36 -0.16 
11/17/14 09:38:03 7740 -0.02 14.59 174.02 -0.16 
11117/14 09:38:33 7770 -0.01 28.03 179.06 0.03 
11/17/14 09:39:03 7800 0.00 21.61 162.77 -0.04 
11/17/14 09:39:33 7830 -0.02 18.02 172.26 -0.26 
11/17/14 09:40:03 7860 -0.03 17.75 209.79 -0.23 
11/17114 09:40:33 7890 -0.03 27.68 176.65 0.09 
11/17/14 09:41:03 7920 -0.03 38.67 209.14 0.08 
11/17/14 09:41:33 7950 -0.03 17.98 184.89 0.11 
11/17/14 09:42:03 7980 -0.03 15.75 219.66 0.13 
11/17/14 09:42:33 8010 -0.04 30.36 200.01 -0.04 
11/17/14 09:43:03 8040 -0.04 24.01 194.18 -0.11 
11/17/14 09:43:33 8070 -0.05 39.18 228.91 -0.10 
11/17/14 09:44:03 8100 -0.04 16.79 167.00 -0.14 
11/17/14 09:44:33 8130 -0.06 32.20 188.63 -0.01 
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XTO Energy, Inc. 
November 17, 2014 

Caterpillar, G3306 TA, Unit #805637, Serial #R6S02346 
Hart 1-03H 

Run -1 
Date/Time Elapsed Time o. NOx co voc 

(mm/dd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd) (ppmvw) 
11/17/14 09:45:03 8160 -0.05 28.32 217.16 -0.07 
11/17/14 09:45:33 8190 -0.04 18.62 181.11 -0.15 
11/17/14 09:46:03 8220 -0.03 17.69 253.60 -0.20 
11/17/14 09:46:33 8250 -0.04 18.22 245.06 -0.25 
11/17/14 09:47:03 8280 -0.03 25.98 212.06 -0.27 
11/17/14 09:47:33 8310 -0.03 21.16 185.01 -0.08 
11/17/14 09:48:03 8340 -0.04 24.75 249.77 -0.03 
11/17/14 09:48:33 8370 -0.03 23.78 218.27 0.00 
11/17/14 09:49:03 8400 -0.03 28.85 228.78 -0.04 
11/17/14 09:49:33 8430 -0.03 26.90 179.33 0.14 
11/17/14 09:50:03 8460 -0.03 24.73 174.53 0.12 
11/17/14 09:50:33 8490 -0.02 22.73 203.04 -0.28 
11/17/14 09:51:03 8520 -0.03 37.87 211.22 -0.35 
11/17/14 09:51:33 8550 -0.02 32.63 219.57 -0.18 
11/17/14 09:52:03 8580 -0.01 20.81 214.30 -0.18 
11/17/14 09:52:33 8610 -0.01 25.59 227.73 -0.24 
11/17/14 09:53:03 8640 0.00 30.87 189.58 -0.27 
11/17/14 09:53:33 8670 -0.01 22.45 188.62 -0.27 

RAW AVERAGE -0.05 26.36 202.06 -0.13 

o. NOx co voc 
Serial Number: INST-02-0012 INST-NX-0012 INST-C0-0016 INST-VC-0002 

(%) (ppmvd) (ppmvd) (ppmvw) 
Initial Zero -0.03 0.31 0.13 -0.10 
Final Zero 0.00 0.26 0.43 -0.32 

"' 
Avg. Zero -0.02 0.29 0.28 -0.21 

"' iii 
Initial UpScale 11.89 59.96 402.08 40.08 
Final UpScale 11.92 60.17 400.48 39.87 
A vg. UpScale 11.91 60.07 401.28 39.98 

Upscale Cal Gas 11.90 60.00 400.00 40.00 

EMISSIONS DATA o. NOx co voc 
Corrected Raw Average (ppm/% dry basis) 0.00 26.17 201.28 0.06 
Corrected Raw Average (ppm/% wet basis) 0.00 21.30 164.17 0.08 
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XTO Energy, Inc. 
November 17, 2014 

Caterpillar, G3306 TA, Unit #805637, Serial #R6S02346 
Hart 1-03H 

Run- 2 
Date/Time Elapsed Time Oz NOx co voc 

(mm/dd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd) (ppmvw) 
11/17/1410:09:33 9630 -0.04 19.57 209.78 1.26 
11/17/1410:10:03 9660 -0.04 26.96 216.49 1.26 
11/17/1410:10:33 9690 -0.03 28.90 222.57 1.45 
11/1711410:11:03 9720 -0.03 22.35 170.59 1.39 
11/17/1410:11:33 9750 -0.03 42.30 203.35 1.46 
11/17/1410:12:03 9780 -0.03 19.13 160.03 1.47 
11/17/1410:12:33 9810 -0.03 33.51 176.52 1.23 
11/17/14 10:13:03 9840 -0.03 27.67 221.19 1.25 
11/17114 10:13:33 9870 -0.04 24.61 198.50 0.79 
11/17/14 10:14:03 9900 -0.03 38.86 213.46 0.74 
11/17/14 10:14:33 9930 -0.03 21.92 220.35 0.71 
11/17114 10:15:03 9960 -0.04 60.22 207.20 0.68 
11/17/1410:15:33 9990 -0.02 21.43 221.62 0.76 
11/17/14 10:16:03 10020 -0.03 25.98 196.78 0.69 
11/17114 10:16:33 10050 -0.03 18.94 231.09 0.89 
11/17/14 10:17:03 10080 -0.03 35.27 274.92 0.91 
11/1711410:17:33 10110 -0.02 40.61 177.23 0.77 
11/17/1410:18:03 10140 -0.02 16.56 141.92 0.74 
11/17/1410:18:33 10170 -0.03 42.76 165.33 0.99 
11/17/1410:19:03 10200 -0.01 27.27 192.74 0.94 
11/17/1410:19:33 10230 -0.01 15.40 290.16 0.89 
11/17/1410:20:03 10260 -0.01 25.87 344.26 0.94 
11/17/1410:20:33 10290 -0.01 28.08 255.39 0.70 
11/17/1410:21:03 10320 -0.02 29.86 218.86 0.73 
11/17/1410:21:33 10350 -0.02 23.88 244.07 2.68 
11/17/1410:22:03 10380 -0.03 25.50 216.04 2.67 
11/17/1410:22:33 10410 -0.02 27.50 215.57 2.68 
11/17/1410:23:03 10440 -0.02 25.05 213.84 2.69 
11/17/1410:23:33 10470 -0.03 21.47 216.36 2.74 
11/17/1410:24:03 10500 -0.02 36.36 203.20 2.76 
11/17/1410:24:33 10530 -0.03 28.33 205.67 2.87 
11/17/1410:25:03 10560 -0.03 32.86 286.73 2.85 
11/17/1410:25:33 10590 -0.03 26.86 273.93 0.93 
11/17/1410:26:03 10620 -0.04 25.32 242.77 0.97 
11/17/1410:26:33 10650 -0.03 20.73 232.52 0.68 
11/17/1410:27:03 10680 -0.03 24.07 263.89 0.74 
11/17/1410:27:33 10710 -0.03 24.98 225.98 0.79 
11/17/1410:28:03 10740 -0.03 27.52 193.89 0.77 
11/17/1410:28:33 10770 -0.03 21.92 237.20 0.93 
11/17/1410:29:03 10800 -0.03 27.10 241.51 0.95 
11/17/1410:29:33 10830 -0.02 17.24 182.51 0.74 
11/17/1410:30:03 10860 -0.03 20.57 206.43 0.71 
11/17/1410:30:33 10890 -0.03 29.20 223.71 0.79 
11/17/1410:31:03 10920 -0.03 26.70 208.73 0.76 
11/17/1410:31:33 10950 -0.03 23.63 169.02 0.78 
11/17/1410:32:03 10980 -0.03 41.63 201.25 0.76 
11/17/1410:32:33 11010 -0.03 16.86 200.55 0.92 
11/17/1410:33:03 11040 -0.03 23.46 216.21 0.92 
11/17/1410:33:33 11070 -0.04 34.27 230.32 0.90 
11/17/1410:34:03 11100 -0.04 15.80 232.54 0.93 
11/17/1410:34:33 11130 -0.03 26.67 278.58 0.75 
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XTO Energy, Inc. 
November 17, 2014 

Caterpillar, G3306 TA, Unit #805637, Serial #R6S02346 
Hart 1-03H 

Run- 2 
Date/Time Elapsed Time 02 NOx co voc 

(mm/dd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd) (ppmvw) 
11/17/1410:35:03 11160 -0.03 23.33 231.19 0.71 
11/1711410:35:33 11190 -0.03 25.72 195.49 0.98 
11/17/1410:36:03 11220 -0.02 35.72 215.48 0.93 
11/17/1410:36:33 11250 -0.01 26.51 312.21 0.75 
11/17/1410:37:03 11280 -0.02 27.23 222.93 0.72 
11/17/1410:37:33 11310 -0.02 36.81 183.25 1.03 
11/17/1410:38:03 11340 -0.02 19.99 199.88 1.03 
11/17/1410:38:33 11370 -0.02 18.23 238.01 0.96 
11/17/1410:39:03 11400 -0.03 32.15 217.23 0.93 
11/17/1410:39:33 11430 -0.02 30.27 199.88 0.93 
11/17/1410:40:03 11460 -0.02 22.14 171.32 0.92 
11/17/1410:40:33 11490 -0.02 36.67 231.61 0.97 
11/17/1410:41:03 11520 -0.02 16.10 226.67 1.04 
11/17/1410:41:33 11550 -0.02 24.49 196.98 1.49 
11/17/1410:42:03 11580 -0.01 26.54 263.73 1.49 
11/17/1410:42:33 11610 -0.01 24.17 201.26 1.04 
11/17/1410:43:03 11640 -0.01 18.16 244.78 1.04 
11/17/14 10:43:33 11670 -0.01 29.23 214.41 1.19 
11/17/14 10:44:03 11700 0.00 16.27 233.84 1.27 
11/17/14 10:44:33 11730 0.00 34.64 241.94 1.46 
11/17/14 10:45:03 11760 0.00 15.93 211.82 1.53 
11/17/1410:45:33 11790 -0.01 32.20 222.10 1.34 
11/17/1410:46:03 11820 0.00 22.86 210.70 1.33 
11/17/1410:46:33 11850 0.00 27.25 284.62 1.43 
11/17/1410:47:03 11880 -0.01 23.59 208.38 1.45 
11/17/1410:47:33 11910 0.01 44.09 200.41 1.47 
11/17/1410:48:03 11940 0.00 28.40 201.00 1.46 
11/17/1410:48:33 11970 0.00 19.08 229.85 1.15 
11/17/1410:49:03 12000 0.00 30.43 203.35 1.10 
11/17/1410:49:33 12030 -0.01 26.44 214.13 0.90 
11/17/1410:50:03 12060 0.00 35.77 225.30 0.93 
11/1711410:50:33 12090 0.00 17.26 234.26 0.92 
11/17/1410:51:03 12120 -0.01 45.27 203.60 0.93 
11/17/1410:51:33 12150 0.00 19.42 236.25 0.74 
11/1711410:52:03 12180 0.00 33.30 229.40 0.72 
11/17/1410:52:33 12210 0.00 15.29 182.77 0.77 
11/17/1410:53:03 12240 -0.01 26.78 279.37 0.68 
11/1711410:53:33 12270 0.00 36.29 180.73 0.25 
11/17/1410:54:03 12300 0.00 17.80 188.99 0.28 
11/17/1410:54:33 12330 0.00 24.29 210.24 0.40 
11/17/1410:55:03 12360 0.00 26.91 216.23 0.45 
11/17/1410:55:33 12390 0.01 26.50 202.02 0.21 
11/17/1410:56:03 12420 0.01 35.50 185.92 0.24 
11/17/1410:56:33 12450 0.01 39.33 197.21 0.32 
11/17/1410:57:03 12480 0.01 21.96 200.63 0.35 
11/17/1410:57:33 12510 0.01 20.75 262.30 0.65 
11/17/1410:58:03 12540 0.00 34.91 268.41 0.66 
11/17/1410:58:33 12570 0.00 17.57 198.71 0.98 
11/17/1410:59:03 12600 0.00 19.59 206.26 0.91 
11/17/1410:59:33 12630 0.00 24.98 213.63 1.02 
11/17/1411:00:03 12660 0.00 32.52 198.19 1.02 
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XTO Energy, Inc. 
November 17, 2014 

Caterpillar, G3306 TA, Unit #805637, Serial #R6S02346 
Hart 1-03H 

Run- 2 
Date/Time Elapsed Time Oa NOx co voc 

(mm/dd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd) (ppmvw) 
11/17/1411:00:33 12690 0.00 35.43 242.71 0.75 
11/17/1411:01:03 12720 0.00 17.94 216.28 0.73 
11/17/1411:01:33 12750 0.00 25.59 244.42 0.45 
11117/1411:02:03 12780 0.00 20.49 220.32 0.41 
11/17/14 11:02:33 12810 0.00 37.94 226.17 0.17 
11/17/1411:03:03 12840 0.00 32.93 198.72 0.24 
11/17/14 11:03:33 12870 0.00 23.21 199.55 0.28 
11/17/14 11:04:03 12900 0.00 26.51 243.72 0.24 
11/17/1411:04:33 12930 0.00 31.12 251.11 0.44 
11/17/14 11:05:03 12960 0.00 40.58 275.98 0.43 
11/17/1411:05:33 12990 0.00 21.09 220.07 0.08 
11/17/14 11:06:03 13020 -0.02 23.97 221.75 -0.01 
11/17/1411:06:33 13050 -0.01 35.52 276.34 -0.13 
11/17/14 11:07:03 13080 -0.01 34.83 347.30 -0.19 
11/17/1411:07:33 13110 -0.01 41.64 157.26 -0.22 
11/17/1411:08:03 13140 -0.02 14.11 125.03 -0.29 
11/17/1411:08:33 13170 -0.01 12.87 237.79 -0.09 
11/17/1411:09:03 13200 -0.01 23.17 321.56 0.00 

RAW AVERAGE -0.02 27.13 221.40 0.93 

Oa NOx co voc 
Serial Number: INST-02-0012 INST-NX-0012 INST-C0-0016 INST-VC-0002 

(%) (ppmvd) (ppmvd) (ppmvw) 
Initial Zero 0.00 0.26 0.43 -0.32 
Final Zero 0.01 -0.17 0.02 -0.29 

"' 
Avg. Zero 0.01 0.05 0.23 -0.31 .. 

iii 
Initial UpScale 11.92 60.17 400.48 39.87 
Final UpScale 11.92 59.46 396.04 40.94 
Avg. UpScale 11.92 59.82 398.26 40.41 

Upscale Cal Gas 11.90 60.00 400.00 40.00 

EMISSIONS DATA Oa NOx co voc 
Corrected Raw Average (ppm/% dry basis) 0.00 27.18 222.27 1.43 
Corrected Raw Average (ppm/% wet basis) 0.00 22.17 181.31 1.22 
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XTO Energy, Inc. 
November 17, 2014 

Caterpillar, G3306 TA, Unit #805637, Serial #R6S02346 
Hart 1-03H 

Run· 3 
Date/Time Elapsed Time 02 NOx co voc 

(mm/dd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd) (ppmvw) 
11/17/1411:42:03 15180 -0.05 23.21 281.99 -0.02 
11/17/1411:42:33 15210 -0.04 21.98 255.48 -0.12 
11/17/14 11:43:03 15240 -0.05 26.87 217.63 -0.15 
11/17/14 11:43:33 15270 -0.04 25.49 251.52 0.05 
11/17/1411:44:03 15300 -0.04 48.00 294.30 0.01 
11/17/1411:44:33 15330 -0.04 30.81 288.24 -0.22 
11/17/1411:45:03 15360 -0.04 31.67 294.82 -0.19 
11/17/1411:45:33 15390 -0.04 34.22 251.56 -0.18 
11/17/1411:46:03 15420 -0.05 27.59 257.63 -0.22 
11/17/1411:46:33 15450 -0.05 22.71 238.13 -0.15 
11/17/1411:47:03 15480 -0.05 23.67 227.15 -0.13 
11/17/1411:47:33 15510 -0.06 30.45 173.23 -0.33 
11/1711411:48:03 15540 -0.06 23.86 303.04 -0.31 
11/17/14 11:48:33 15570 -0.06 32.36 249.79 -0.31 
11/17/14 11:49:03 15600 -0.05 25.62 194.78 -0.33 
11/17/14 11:49:33 15630 -0.05 20.22 190.32 -0.28 
11/17/14 11:50:03 15660 -0.05 19.20 251.49 -0.30 
11/17/1411:50:33 15690 -0.04 25.92 266.44 -0.16 
11/17/1411:51:03 15720 -0.04 44.60 236.81 -0.19 
11/1711411:51:33 15750 -0.04 20.94 200.20 -0.04 
11/17/1411:52:03 15780 -0.04 32.53 246.39 -0.07 
11/17/1411:52:33 15810 -0.04 23.38 261.20 -0.29 
11/17/1411:53:03 15840 -0.04 27.67 289.22 -0.34 
11/17/1411:53:33 15870 -0.03 40.44 241.30 0.17 
11/17/1411:54:03 15900 -0.04 19.68 212.95 0.09 
11/17/1411:54:33 15930 -0.04 22.12 214.77 -0.25 
11/17/1411:55:03 15960 -0.04 46.97 277.52 -0.24 
11/17/1411:55:33 15990 -0.04 27.64 181.77 -0.16 
11/17/14 11:56:03 16020 -0.04 22.81 208.75 -0.27 
11/17/1411:56:33 16050 -0.04 29.42 217.22 -0.19 
11/17/14 11:57:03 16080 -0.04 34.63 209.23 -0.23 
11/17/14 11:57:33 16110 -0.03 16.45 251.42 -0.09 
11/17/14 11:58:03 16140 -0.04 22.20 238.16 -0.06 
11/17/14 11:58:33 16170 -0.04 22.53 262.05 0.06 
11/17/14 11:59:03 16200 -0.04 52.86 217.60 0.07 
11/17/1411:59:33 16230 -0.04 13.94 243.61 0.09 
11/17/1412:00:03 16260 -0.03 36.86 294.95 0.15 
11/17114 12:00:33 16290 -0.04 38.86 193.48 -0.09 
11/17/14 12:01:03 16320 -0.04 16.63 275.45 -0.12 
11/17/14 12:01:33 16350 -0.05 39.38 334.05 -0.02 
11/17/14 12:02:03 16380 -0.05 48.22 349.13 -0.04 
11/17/1412:02:33 16410 -0.05 32.16 270.64 -0.13 
11/17/1412:03:03 16440 -0.04 25.58 240.04 -0.23 
11/17/14 12:03:33 16470 -0.04 24.07 230.76 0.09 
11/17/14 12:04:03 16500 -0.03 28.31 285.50 0.11 
11/17/1412:04:33 16530 -0.04 26.04 185.75 -0.05 
11/17/1412:05:03 16560 -0.04 30.69 234.88 -0.03 
11/17/14 12:05:33 16590 -0.03 27.51 192.14 0.03 
11/17/1412:06:03 16620 -0.04 37.77 279.34 0.10 
11/17/14 12:06:33 16650 -0.04 27.17 246.53 -0.02 
11/17/14 12:07:03 16680 -0.04 29.07 202.44 -0.02 
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XTO Energy, Inc. 
November 17, 2014 

Caterpillar, G3306 TA, Unit #805637, Serial #R6S02346 
Hart 1-03H 

Run- 3 
Date/Time Elapsed Time Oz NOx co voc 

(mm/dd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd) (ppmvw) 
11/17/1412:07:33 16710 -0.03 30.77 235.15 -0.04 
11/17/1412:08:03 16740 -0.03 25.07 235.70 -0.05 
11/17/1412:08:33 16770 -0.03 34.53 200.04 -0.27 
11/17/1412:09:03 16800 -0.03 29.44 194.66 -0.24 
11/17/1412:09:33 16830 -0.04 24.63 235.45 -0.20 
11/17/1412:10:03 16860 -0.04 23.90 254.76 -0.19 
11117/1412:10:33 16890 -0.04 34.21 265.59 -0.31 
11/17/1412:11:03 16920 -0.04 16.93 244.12 -0.30 
11/17/1412:11:33 16950 -0.03 23.25 261.66 -0.20 
11/17/14 12:12:03 16980 -0.03 45.22 268.29 -0.19 
11/17/14 12:12:33 17010 -0.03 16.84 228.79 -0.11 
11/17/1412:13:03 17040 -0.03 34.50 279.87 -0.12 
11/17/1412:13:33 17070 -0.04 31.39 210.54 -0.01 
11/17/14 12:14:03 17100 -0.04 26.91 218.84 0.01 
11/17/1412:14:33 17130 -0.04 18.25 247.25 -0.37 
11/17/1412:15:03 17160 -0.04 34.66 273.34 -0.36 
11/17/1412:15:33 17190 -0.03 27.72 251.17 -0.22 
11/17/1412:16:03 17220 -0.03 35.47 260.44 -0.21 
11/17/1412:16:33 17250 -0.03 15.65 206.57 -0.25 
11/17/1412:17:03 17280 -0.03 21.41 294.62 -0.17 
11/17/1412:17:33 17310 -0.04 31.18 251.23 -0.31 
1111711412:18:03 17340 -0.04 26.03 289.27 -0.32 
11/17/14 12:18:33 17370 -0.03 29.72 218.93 -0.17 
11/17/14 12:19:03 17400 -0.03 15.76 323.77 -0.11 
11/1711412:19:33 17430 -0.04 18.18 295.93 -0.24 
11/17/14 12:20:03 17460 -0.03 49.47 290.99 -0.27 
11/17/1412:20:33 17490 -0.03 27.35 249.49 -0.27 
11/17/14 12:21:03 17520 -0.03 38.49 253.04 -0.24 
11/17/1412:21:33 17550 -0.03 18.52 295.56 -0.10 
11/17/1412:22:03 17580 -0.03 30.50 301.95 -0.09 
11/17/1412:22:33 17610 -0.03 20.24 276.10 -0.22 
11/17/1412:23:03 17640 -0.03 16.31 249.04 -0.17 
11117/1412:23:33 17670 -0.03 24.70 225.48 -0.15 
11/17/1412:24:03 17700 -0.03 21.04 218.60 -0.13 
11/17/1412:24:33 17730 -0.03 26.95 231.32 -0.20 
11/17/1412:25:03 17760 -0.03 31.46 251.14 -0.14 
11/17/1412:25:33 17790 -0.03 24.80 219.28 -0.02 
11/17/1412:26:03 17820 -0.03 30.85 284.56 -0.06 
11/17/1412:26:33 17850 -0.03 29.63 282.57 0.01 
11/17/1412:27:03 17880 -0.03 32.28 251.21 0.06 
11/17/1412:27:33 17910 -0.04 18.43 254.36 0.01 
11/17/1412:28:03 17940 -0.03 26.83 255.95 -0.05 
11/17/1412:28:33 17970 -0.03 21.92 214.81 -0.27 
11/17/1412:29:03 18000 -0.04 17.72 250.38 -0.32 
11/17/1412:29:33 18030 -0.03 20.12 285.40 -0.22 
11/17/14 12:30:03 18060 -0.03 45.26 271.38 -0.21 
11/17/14 12:30:33 18090 -0.03 15.36 208.99 0.00 
11/17/1412:31:03 18120 -0.04 22.27 246.85 -0.05 
11/17/1412:31:33 18150 -0.03 36.01 238.77 -0.11 
11/17/14 12:32:03 18180 -0.03 24.93 260.87 -0.16 
11/17/1412:32:33 18210 -0.03 21.23 328.87 0.00 

xto-14-multi.ok-eng#13-Hart 1-03H_805637 
26 of 55 

App. B 



XTO Energy, Inc. 
November 17, 2014 

Caterpillar, G3306 TA, Unit #805637, Serial #R6S02346 
Hart 1-03H 

Run- 3 
Date/Time Elapsed Time Oz NOx co voc 

(mm/dd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd) (ppmvw) 
11/17/1412:33:03 18240 -0.03 38.05 284.56 ·0.02 
11/17/14 12:33:33 18270 -0.04 14.32 245.67 -0.23 
11/17/1412:34:03 18300 -0.03 31.12 269.72 -0.29 
11/17/1412:34:33 18330 -0.03 26.24 242.38 0.00 
11/17/1412:35:03 18360 -0.03 26.00 297.78 -0.01 
11/17/1412:35:33 18390 -0.03 18.12 234.53 -0.33 
11/17/1412:36:03 18420 -0.03 25.86 257.13 -0.31 
11/17/1412:36:33 18450 -0.03 22.03 261.20 -0.05 
11/17/14 12:37:03 18480 -0.03 12.87 253.35 -0.04 
11/17/14 12:37:33 18510 -0.03 20.30 281.08 -0.19 
11/17/14 12:38:03 18540 -0.03 24.97 229.29 -0.22 
11/17/14 12:38:33 18570 -0.02 27.77 180.21 -0.34 
11/17/14 12:39:03 18600 -0.02 26.31 214.52 -0.26 
11/17/14 12:39:33 18630 -0.03 41.60 209.54 -0.04 
11/17/14 12:40:03 18660 -0.03 42.03 250.16 -0.10 
11/17/14 12:40:33 18690 -0.03 24.76 243.23 -0.26 
11/17/1412:41:03 18720 -0.03 55.20 309.45 -0.21 
11/17/1412:41:33 18750 -0.03 28.96 188.32 -0.20 

RAW AVERAGE -0.04 27.95 249.23 -0.14 

Oz NOx co voc 
Serial Number: INST-02-0012 INST-NX-0012 INST-C0-0016 INST-VC-0002 

(%) (ppmvd) (ppmvd) (ppmvw) 
Initial Zero 0.01 -0.17 0.02 -0.29 
Final Zero 0.00 -0.20 0.12 -0.07 

"' 
Avg. Zero 0.01 -0.19 0.07 -0.18 .. 

iii 
Initial UpScale 11.92 59.46 396.04 40.94 
Final UpScale 11.97 58.82 403.02 40.93 
Avg. UpScale 11.95 59.14 399.53 40.94 

Upscale Cal Gas 11.90 60.00 400.00 40.00 

EMISSIONS DATA Oz NOx co voc 
Corrected Raw Average (ppm/% dry basis) 0.00 28.45 249.50 0.01 
Corrected Raw Average (ppm/% wet basis) 0.00 23.25 203.52 0.04 
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G3306 TA GAS ENGINE SITE SPECIFIC TECHNICAL DATA 
C.~TERPILLAR• 

GAS COMPRESSION APPLICATION 

ENGINE SPEED (rpm): 1800 
8.0:1 
130 
210 

FUELSYSTEM: HPGIMPCO 
COMPRESSION RATIO: 
AFTERCOOLER WATER INLET ("F): 

WITH CUSTOMER SUPPLIED AIR FUEL RATIO CONTROL 
SITE CONDITIONS: 

JACKET WATER OUTLET ("F): 
COOLING SYSTEM: 
IGNITION SYSTEM: 
EXHAUST MANIFOLD: 
COMBUSTION: 
EXHAUST 02 EMISSION LEVEL%: 
SET POINT TIMING: 

JW+OC ,AC 
MAG 
we 
Catalyst 
0.5 
35.0 

FUEL: 
FUEL PRESSURE RANGE(psig): 
FUEL METHANE NUMBER: 
FUEL LHV (Btu/sen: 
AL TITUDE(ft): 
MAXIMUM INLET AIR TEMPERATURE("F): 
NAMEPLATE RATING: 

Nat Gas 
12.0-24.9 

84.8 
905 
500 

77 
203 bhp@1800rpm 

MAXIMUM SITE RATING AT MAXIMUM INLET AIR 
RATING 

RATING NOTES LOAD 100% 100% 
ENGINE POWER (1) bhp 203 203 
INLET AIR TEMPERATURE OF 77 77 

ENGINE DATA 
FUEL CONSUMPTION (LH\1) (2) Btulbhp-hr 8098 8098 
FUEL CONSUMPTION (HH\1) (2) Btulbhp-hr 8983 8983 
AIRFLOW (3)(4) lblhr 1351 1351 
AIR FLOW WET (7rF, 14.7 psia) (3)(4) scfm 305 305 
INLET MANIFOLD PRESSURE (5) in Hg(abs) 38.5 38.5 
EXHAUST STACK TEMPERATURE (6) OF 1064 1064 
EXHAUST GAS FLOW(@ stack temp, 14.5 psia) (7)(4) ft31min 970 970 
EXHAUST GAS MASS FLOW (7)(4) lblhr 1434 1434 

EMISSIONS DATA 
NOx (as N02) (8) glbhp-hr 16.57 16.57 
co (8) glbhp-hr 16.57 16.57 
THC (mol. wt. of 15.84) (8) glbhp-hr 1.20 1.20 
NMHC (mol. wt. of 15.84) (8) glbhp-hr 0.18 0.18 
NMNEHC (VOCs) (mol. wt. of 15.84) (8)(9) glbhp-hr 0.12 0.12 
HCHO (Formaldehyde) (8) glbhp-hr 0.25 0.25 
C02 (8) glbhp-hr 511 511 
EXHAUST OXYGEN (10) %DRY 0.5 0.5 

HEAT REJECTION 
HEAT REJ. TO JACKET WATER (JW) (11) Btu/min 9045 9045 
HEAT REJ. TO ATMOSPHERE (11) Btu/min 1095 1095 
HEAT REJ. TO LUBE OIL (OC) (11) Btu/min 1430 1430 
HEAT REJ. TO AFTERCOOLER (AC) (11)(12) Btu/min 515 515 

HEAT EXCHANGER SIZING CRITERIA 
TOTAL JACKET WATER CIRCUIT (JW+OC) (12) II Btu/min 

I 

11666 
TOTAL AFTER COOLER CIRCUIT (AC) (12)(13) Btu/min 540 
A cooling system safety factor of 0% has been added to the heat exchanger sizing criteria. 

CONDITIONS AND DEFINITIONS 
Engine rating obtained and presented in accordance with ISO 3046{1, adjusted lor fuel, site altitude and site inlet air temperature. 
100% rating at mal<imum inlet air temperature is the maximum engir1e capability for the specified fuel at site altitude and maximum site inlet air temperature. 
Max. rating is the maximum capability for the specified fuel at site altitude and reduced inlet air temperature. 
Lowest load point is the lowest continuous duty operating load allowed. No overload permitted at rating shown. 

For notes information consult page three. 

PREPARED BY: 
Data generated by Gas Engine Rating Pro Version 3.02.00 
Ref. Data Set DM5202~03~001, Printed 13Feb2009 
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TEMPERATURE 

75%' 50% 
152 101 
77 77 

8442 9195 
9364 10199 
1080 788 
243 178 
32.3 24.9 
1030 988 
756 536 
1144 835 

16.27 13.78 
16.27 13.78 
1.39 1.67 
0.21 0.25 
0.14 0.17 
0.25 0.25 
548 607 
0.5 0.5 

7545 6039 
856 622 
1193 955 
209 31 
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G3306 TA 
GAS COMPRESSION APPLICATION 

210 

_g-205 
D 

~200 
a. 
.~ 195 
C> 

LD 1so 

185 

30 40 

1200 

1200 

50 

1300 

1300 

GAS ENGINE SITE SPECIFIC TECHNICAL DATA 

Engine Power vs.lnlet Air Temperature 

..... 

60 70 80 90 100 11 0 
Air Temperature, oF 

I Engine Powervs. Engine Speed I 

1400 1500 1600 1700 1800 
Engine Speed (rpm) 

I Engine Torque vs. Engine Speed I 

1400 1500 1600 1700 1800 
Engine Speed (rpm) 

C.!\TERPILLAR' 

120 130 140 

Max Power vs. 
_..,.. Speed Capability 

for Site Conditions 

- -_- > Operating Range at CJ 
Full Continuous 

, '" Standard Conditions 

• 

Low Load lnternittent 
Operating Range 

M:lx Torque vs . 
....... Speed Capabilijy 

for Site Conditions 

CJ 

• 
Full Continuous 
Operating Range at 
Standard Conditions 

Low Load tntermttent 
Operating Range 

Note: At site conditions of 500 It and 77oF inlet air temp., constant torque can be maintained down to 1200 rpm. 

PREPARED BY: 
Data generated by Gas Engine Rating Pro Version 3.02.00 
Ref. Data Set DM5202-03-001, Printed 13Feb2009 
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CALIBRATION GAS CERTIFICATIONS 
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CERTIFICATE OF BATCH/LOT ANALYSIS 

Serial#: ALM04372l 
Product: Nitrogen Grade: CEM Zero 

Customer: 
Date of Certification: 
P.O. Number: 
Document Number: 

Batch/Lot#: 202LAP47501C 
Test Cylinder#: ALM059095 
Item Number: 7501 
Valve: 
Cylinder Size: 

580 
30AL 

ANALYSIS REPORT 

Major Component 
Nitrogen CEM Zero 

Impurities 
Moisture 
Oxygen 

Total Hydrocarbons 
Carbon Dioxide 

Carbon Monoxide 
NOx* 
SOx* 

**Excludes Argon 
*Typical Property 

Notes: 

Specification 
99.9995%** 

Specification 
<2ppm 

<0.5 ppm 
<0.5 ppm 
<1 ppm 
<1 ppm 

<0.1 ppm 
<0.1 ppm 

Purity 
99.9995% 

Actual Analysis 
<2.0000ppm 
<0.5000ppm 
<O.IOOOppm 
<O.IOOOppm 
<O.SOOOppm 
<0. 1 OOOppm 
<0.1 OOOppm 

Certified By:-------------
Elving Chamorro 

Air Liquide America Specialty Gases LLC 
11426 Fairmont Pkwy LaPmte, TX 77571-6000 

Phone: 281-474-8400 
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!J!f.l-IR LIQUIDE Air Uquide America 
SpecialtY Gases LLC 

{§)scott RATA CLASS 
Dual-Analyzed Calibration Standard 

11426 FAIRMONT PKWY, LA PORTE, TX 77571 Phone: 800-248· 1427 Fax: 281·474-8419 

TM 
CERTIFICATE OF ACCURACY: Interference Free Multi-Component EPA Protocol Gas 

Assay laboratory· PGVP Vendor 10: A32013 

AIR LIOUIDE AMERICA SPECIALTY GASES LLC 
11426 FAIRMONT PKWY 
LA PORTE, TX- 77571 

P.O. No.: 
Document# : 49230780-001 
Folio #:AH094 

Customer 
AIR HYGIENE INTERNATIONAL 

MIKE SCOTT 
1600 WEST TACOMA ST 
BROKEN ARROW OK 74012 
us 

ANALYTICAL INFORMATION Gas Type: C02,02,BALN 
This certification was performed according to EPA Traceability Protocol For Assay & Certification ,of Gaseous Calibration Standards; 
Procedure G-1; September, 1997, 
Cylinder Number: CC352363 Certification Date: 15Jan20 13 Exp. Date: 16Jan2021 
Cylinder Pressure***: 1900 PSIG Batch No: LAP0079843 

COMPONENT 
OXYGEN 

CERTIFIED CONCENTRATION (Moles} 
11. 9 tO 

ACCURACY** 
+I- 1% 

9.06 % +I- 1% CARBON DIOXIDE 
NITROGEN BALANCE 

'·• Do not use when cylinder pressure jg below 150 ps!g, 
• • Analytical accuracy is based on the requirements of EPA Protocol Procedure G 1, September 1997, 

FTIR/1000929060 

ANALYZER READINGS 

CYLINDER NUMBER 
K025996 
K0104t6 

CONCENTRATION 
10.03 % 
7.016 % 

DATE LAST CALIBRATED 
07Jan2013 
07Jan2013 

Direct NIST and VSL 

COMPONENT 
OXYGEN 
CARBON DIOXIDE 

ANALYTICAL PRINCIPLE 
PARAMAGNETIC 
FTIA 

(Z- Zero Gas R Reference Gas T- Test Gas r- Correlatron Coeffrctent) 

First Triad Analysis 

OXYGEN 
Date: 21Jan2013 Response Unit: VOLTS 
21 ""0.00000 Rl ""0.40820 T1 ""0.48530 
R2,.0.40900 22=0.00000 T2=0.48490 
23=0.00000 T3 ""0.48530 R3 =0.40870 
Avg, Concentration: 11.91 % 

CARBON DIOXIDE 
Date: 15Jan2013 Response Unit:% 
21 "'·0.00158 R1 =7.02170 T1 =9.06960 
R2=7.02435 Z2=·0.00158 T2=:9.07213 
23=0.00099 T3 =9.07609 R3= 7.03171 

_t\v9. Concentration: 9.060 % 

Second Triad Analysis 
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Calibration Curve 

Concentration A+ 8x +Cx2 + Dx3 + Ex4 
r"' 0.9999991 
Constants: 
8=24.71207253 
D= 

A= ·0,009423<18 
C= 
E= 

Concentration- A+ Bx + Cx2 + Dx3 + Ex4 
r = 9.99998E·1 
Constants: 
6 = 7 .40243E·1 
O-O.OOOOOE+O 

A=O,OOOOOE+O 
C=7.28100E·3 
E=O,OOOOOE+O 



tiAIR LI~~IDE I Air Uquide America (~ RATA CLASS .... 
Specialty Gases LLC 

..... 
~ .. , . Guamnteecl +I- I% Accuracy 

lntertek 

8832 DICE ROAD, SANTA FE SPRINGS, CA 90670-2516 Phone: 800-323-2212 Fax: 562-464·5262 

CERTIFICATE OF ACCURACY: EPA Protocol Gas -

~-s-~f!y_ Labor~~9!_y__:_f'Q_y(:l ___ ~_c_Q_d~r__I_D: A5~014 Customer 

AIR LIQUlDE AMERICA SPECIAL TV GASES LLC P.O. No,: AIR HYGIENE INTERNATIONAL 

8832 DICE ROAD Document II: 54627260-003 MIKE SCOTT 

SANTA FE SPRINGS, CA 90670·2516 Folio II:AH095 1600 WEST TACOMA ST 
BROKEN ARROW OK 74012 
us 

ANALYTICAL INFORMATION Gas Ty~e: C02,02,BALN _ 
This certification was performed according to EPA Traceability Protocol For Assay & Certification of Gaseous Calibration StandDrds; 

Procedure G- 1, EPA/600/A-12/531; May 201 2. Do not use this standard if pressure is less than 100 psig. 

Cylirtder Number: CC101517 Certification Date; 08Apr2014 F,xp. bate: 09Apr2022 

Cylinder Pressure: 2000 PSIG Batch· No: SB00090425 

COMPONENT CERTIFIED CONCENTRATION (Molosl ACCURACY !ABSOLUTE I RELATIVE( 

OXYGEN 20.9 % ~ 0.13 % I 0.6 -o/~ 

CARBON DIOXIDE 19.0 % 0.12 % I 0.6 % 

NITROGEN BALANCE 

.TV 
CONCENTRATION UNCERTAINT'( CYLINDER TYPE(SRM SAMPLE EXP. DATE 

w:asoo % 0.1300 % K000461 NTRM 2659/020500 14May2018 

CARSON DIOXIDE 13.9400 % 0.0800 % K014199 NTRM 1675 05Jolfl2018 

ANALYTICAL METHOD 

1st Analysis: 08Apr2014 

9_Q_IYIPONENT INSTRUMENT ANAL VTICALIPRINCIPLE CALIBRATED .CONCENTRATION 

OXYGEN VARIAN B/3400!2806 FlO & TCD -0"3Apr26"i4 20,90 % 

CARBON DIOXIDE VARIAN B/3400/2806 FID & TCD 10Mar2014 18.96 % 

Special NotM: AH095 LIST ITEM AH095 ON CERTS AND TAGS 

APPROVED BY: ~· DC 
Page 1 of 1 
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r£-P:I~Ltoul~~~ Air LiqlJitJe Anu:rka ~·~ 
RATA CLASS •• 

Specialty Gases LLC 
... 

i 
~, . Guaranteed + /- I% Accuracy 

lntertek 

8832 DICE ROAD, SANTA FE SPRINGS, CA 90670-2516 Phonn: 800-323-2212 Fax: 562-464-5262 

CERTIFICATE OF ACCURACY: EPA Protocol Gas ···-

~~'!Y. ~l_l_bora!~~'t__:__f9VP ,Yp_Q_~or 10: A_E_~j_4 Customer 
AIR UQU!DE AMERICA SPECIALTY GASES LLC P.O. No.: AIR HYGIENE INTERNATIONAL 

8832 DICE ROAD Document fl : 54627260-001 MIKE SCOTT 
SANTA FE SPRINGS, CA 90670-2516 Folio II:AH125 1600 WEST TACOMA ST 

BROKEN ARROW OK 74012 
us 

ANALYTICAL INFORMATION Gas Tyee : CO,NO,BALN ____ ,,~--~-
This cortification was per-formed according to EPA Traceability Protocol For Assay & Certification of Guseous Calibration St<Jndards; 

' Procedure G-1. EPA/600/R-12/531: May 201 2. Do nol u·sa this standard if pressure is less than 100 pslg, 

Cylinder Number: AAL9030 CeitifiCa.tiOr1 Date: 05Apr2014 Exp. Date; 06Apr2022 

I 
Cylinder Pressure: 2000 PSIG Batch No: SB00090248 

COMPONENT CERTIFIED CONCENTRATION (Moles} ACCURACY (ABSOLUTE! RELATIVE) 
CARBON MONOXIDE 180 PPM 1.1 PPM I 0.6 % 

' NITRIC OXIDE 180 PPM 1.0 PPM I 0.6 % 
NITROGEN ·OXYGEN FREE BALANCE 

TOTAL OXIDES OF NITROGEN 180. PPM Reference Value Only 

TRACEABiliTY 
REFERENCE STANDARD 
COMPONENT""" ____ CONCENTRATION UNCERTAINTY ~YLINDER TYPEfSAM SAMPLE EXP. DATE 

CARBON MONOXIDE 240.8000 PPM 1.•1000 PPM KAL00402J NTnM-2636-~ ----- ·oaN·~-;;2017 

NITRIC OXIDE 242.0000 PPM 1.3000 PPM KAL004383 NTRM 1685 04Jan2018 

ANALYTICAL METHOD 
-·~-------

1st Analysis: 05Apr2014 

COMPONENT INSTRUMENT ANAL YTICALIPRINCIPLE CALIBRATED cqNC_f;f'lJ£!~.1:1.9~ 

CARBON MONOXIDE Mks-FTtRt20Jotoot785245 FTIR 13Mar2014 179.7 PPM 

NITRIC OXIDE MKS-FTIR/2030/001785245 FTlR 20Mar20t4 179.4 PPM 

2nd Analysis: 14Apr2014 

G.QMfONEN'f INSTRUMENT ANAL YTICALIPRINCIPLE CAUBR~]'_~_I? CONCENTRATION 

NITRIC OXIDE MKS-F-TIR/20301001785245 FTIR 20Mar2.014 -;ao·.3-P~ 

' I 

Special Notes: AH125liST ITEM AH125,0N CERTS_Alll[)_..:J.:A{j~· i ' t /~ 
APPROVED BY: -•· U;~li-1·t.--- .; 

THUAN TRAN 
Page 1 of 1 
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Air Liquidc America Specialty Gases LLC' Page I of1 

I AIR LIOUIDE.J 
----·-~~·"-'' 

ont:W.I"l<>M:I'l 

(§)scott 
IJMmloatl ,E;, 

1~1•1 COf,l!l~WJEHE ST!llt 1, TflOY, M14Uilii'J f'lloo~t· ;!4!l-Mo9·2fl~~l F~~: ~4ll-~~l!.l!:.4 

RATA CLASS 

CERTIFICATE OF ACCURACY: lntcrfcreuec Free"' Multi-C\Irnponcnt EI'A l'rotocol 
Gns 
Anay labonuory • PGVP Vondor ID; A220t3 
1\.lllllUUIOE NJ.I'RIG), SPf:CIM lY r;MFS llC 
1200 COMUEftl,IEJ;E STIU.TT 
TROY, Ml ~OOIH 

Cylinder Number: ALM046647 
Cyllndar Pressure• .. : ~~~9 f'$1Q 

I'O.tll:r 
IJot!Jml!lll Jl, 4tt'J.:W()I)2·0D:.! 
ro~~a,.MHil~l 

COMPONENT CERTIFIED CONCENTRATION (Moles) 
'•• ~.~.(r \'lH 

I; I P 1 o' ')(:' I'C 4,~:111 :-H~ 
I~ ! ·:k 1; ~?:!! n:-: ;' • I ,I i I : 1 •, .J ~ !\1\!J\ll<':.: 

"' Ikon<>! u~~ wll!>n r.yl"lki n·~~~re I~ helm< IM nUl! 
•• AnO:y~caJ ~tW!olCf ll bii!ied ll'llhe ltiJU\t"~~~-11\l ol r;p_A flnl\ocl~ Pm~lldlltll Gl, Septo;mt>M \ll)1 

!REFERENCE ST!\_NDARD --

TYPEJSRM NO. 
tHf\1.1 ~6:t4 ~oil 
NTRM 31:iOO 

EXPIRATION DATE 
OtM~f-:OUl 
ntJM20tt 

CYUNDEA NUMBER 
A\MOOWI~ 
I<ALOO:Or>ll 

IIJiSTf!UME.ti!ATION"-------

INSTRUMI!NT/MOOElJSERIALII 
n1FVII1rmm21 
CAI,,I(K!IJlll()il 

DATE LAST CALIBRATED 
nJ~m2()t~ 
01JM~Op 

Custonlot 
AIR II'(OIEIJE lrHERUATlONN 
MIKEScorr 
1HIOW£ST TACCM ... ST 
llROt![Jl ~R~OW 0~ NUl< 
IJS 

E)(p, 01110: -~U~n1Ml 
Batch No: 1ROII(17:J..I~R 

ACCURACY"' 
I ~' 

mACEABILITY 
!J\ro••,•f ):\;''\' -1.-l '.<IT 

"I, ! ~ 

CONCENTRATION 
~Oil.f>PM 
J..tW.PPM 

l!••''"'''l''' 

COMPONENT 
C/I.RIH)N MO~OXtDE 
NITRIC OXIDE 

ANALYfiCAl PRINCIPLE 

"'" CHEMI 

jANAL YZEI'HiEADiNGS 
-- - --------- .. ----· 

(Z,Zerq Gas R«Relerence Gas T:Test Gas t-Conclatlon Coofnclent) 
Fln~t Triad Analysis 
CARBON MONOXIDE 
Daro 2:V40l)U13 nellroo~e Un•l: f'I'M 
ll•ll OJ!Xlll R 1~.(\ll,~ 61J T ,,.~~M.~~~ 
Rl=4~6Y.•IfVU.~I.Ilol01 t.!•4~:>fi-~IH 
l:\•IAIBJ~ IJ<.tr>IH 110 !Uqnn 111 
fwo Cv<itom~mlcto: ~f.-1~ PPM 
NITRIC OXIOI:: 
Dal~: (,\looZO!~ Respoo~~ Unrt f'I'M 
/\"I!Ol>NHJ [;!~J..!MiJ)Wl1o-4!,1}1)(1(l0 
R:>u:lAroli.lWill ll.oil.fmooo T2"'-4Ylll {1(){1 
l:\=1\ otoOOn T1"4r;IJ!J 11!)0 RJ•:j.f!)() t)I)O 
A"') GMCt<hlrM•m 4f>rllt PPM 

Spetfnl Notes: 
AHOI~LIST ITfMAHilr4!0N CErHS /\tiD fAGS 

Second Trhtd Analysla Callbtatlon Curve 

Dma, :\OJ;mlOU R~~pooso !Jrnj_· PPM 
n•---tl1~1iJla R19tl.!'>l.HO T1•4!>14.l\U 
ru""'llf>-157() a~I.Of>'JI(l T2'~~1.H6fl 
/3•\.~iT!lJ T~4roG1 )l>t• IU~~I\W.:IIIl 
,4.YIJ (onr.MII'I\100· -\~o!>ol. f'f>M 

011\n. t!!fr,tl201.1 R&~f\ffi!ll Unit· rPM 
l\"U.O!)t)IJO ~l"'l.I~OOOT\...jf>IJ1.()()1J 
fl)<>J4rl(l (JDI.l n_.n.Dt)(lt)() T2-4!<11 ofJn 
l1o-0.0001)0 TJ-.1~1 MOIU~.'}I~U l)foll 
IWq. Cm~ff!Jir~IIM: ~5111 F'f•l,l 

COOCM\r~IIO!ldl•lh•C•:i'•D1.1>E'~1 
l<tl,li(J<Ii)jf,j 
C(IM(ll<ol$ A.iJ.t>tt(!OVE<l) 
B"l.tltllfM:0-1 C~32B(ltiOE-1 
O•IIJ~Jt>:lilEHI E<II!Mlll\!0\::lij 

COOCfill!fJ]IM~AI!h, I Cl] 10131 El~ 
f•(I.\Y-l'.J<J'~\1 
Ctl!l~li;nl'. A•U JYI rtAtll 
a=-{l!lll\H!ll\l60 C••l 
tl~~ f~O 

I§UALITY ASSURANC~---------

APPROVED BY: JEFF CROTEAU 
(lilgn1llllm on life) 

http:i/172.24. I 28.11 /alusglrxcarpi7'?Doc=49230602&Cyi=ALM046647&UsFSHOP 
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rJ] AIR LIQUIDE I Air Liq"id' Amer<co {S)scott COMPLIANCE CLASS 
- Specialty Gases LLC 

Guaranteed +I· 2% Accuracy 

1290 COMBERMERE STREET, TROY, Ml48083 Phone: 248~589-2950 Fax: 248-589-2134 

CERTIFICATE OF ACCURACY: EPA Protocol Gas 

Assal Laborator'i • PGVP Vendor ID: A22013 Customer 
AIR LJOUIDE AMERICA SPECIALTY GASES LLC P.O. No,: AIR HYGIENE INTERNATIONAL 
1290 COMBEAMERE STREET Document tl ; 52629127-003 MIKE SCOTT 
TROY, Ml 48083 Folio #:AH033 1600 WEST TACOMA ST 

BROKEN ARROW OK 74012 
us 

ANALYTICAL INFORMATION Gas Tyee : N02,BALA 
This certification was performed according to EPA Traceability Pmtocol For Assay & Certification of Gaseous Calibr;;~tion Standards; 
Procedure G·1. EPA/600/R-12/531; May 2012. Do not usa this standard if pressure is less than 100 psig. 

Cylinder Number: ALM057038 Certification Date: 04Nov2013 Exp. Date: 05Nov2019 
Cylinder Pressure: 2000 PSIG Batch No: TR00095740 

COMPONENT CERTIFIED CONCENTRATION !Moles) ACCURACY (ABSOLUTE I RELATIVE) 
NITROGEN OIOXIDE 47.9 PPM 0.5 PPM I 1.1 % 
AIR BALANCE 

TRP""""' .lTV 

g•XIDE CONCENTRATION CYLINDER TYPE/SAM SAMPLE EXP. DATE 
299.0000 PPM PPM ALM034150 300 N02 30At~g2014 

ANALYTICAL METHOD 

1st Analysis: 280ct2013 

' 
COMPONENT,, 

-~~---
_l,r,J,~TR~MENL ANAL YTICAl/PRINCIP.LE CAUB.RAIEr? -CONCEN~!!ATIQ~---

NITROGEN DIOXIDE AMETEK 921/921 CE N02/AW-921-S281 UV 290c;2013 47.80 PPM 

2nd Analysis: 04Nov2013 

COMPONENT INSTRUMENT ANALYTICAL/PRINCIPLE CALIBRATED CONCENTRATION 
NITROGEN DIOXIDE AMETEK 9211921 CE N02fAW-921-S281 UV 290ct2013 -~b.eo PPM 

Special Notes: AH033 RANGE 45 ~ ~ N?ROGEN DIOXIDE 

APPROVED BY: 
JEFF CAOTE~ \ 

Page 1 of 1 
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Air Liquide America 
Specialty Gases LLC {S)scott RATA CLASS 

Guaranteed +1-1% Accuracy 

1290 COMBEAMERE STREET, TROY, Ml 48083 Phone: 248·589·2950 Fax: 248-589·2134 

I 
1290 COMBERMERE STREET 
TROY, Ml 480B3 

P.O. No.: 
Document fl: 52629127-006 
Folio #:AH053 

Customer 
AIR HYGIENE INTERNATIONAL 
MIKE SCOTT 
1600 WEST TACOMA ST 
BROKEN ARROW OK 74012 
us 

ANALYTICAL INFORMATION Gas Type: PPN,BALN 
This certification was performed according to EPA Traceability Protocol For Assay & Certification at Gaseous Calibration Standards; 

Procedure G-1. EPA/600/R-12/531,· May 2012. Do not use this standard if pressure is tess than 100 psig. 

Cylinder Number: 
Cylinder Pressure: 

CC151957 
1950 PSIG 

Certification Date: 280ct2013 Exp. Date: 290ct2021 
Batch No: TR00095685 

CERTIFIED CONCENTRATION (Moles) ACCURACY !ABSOLUTE I RELATIVE) 

160 PPM 

CONCENTRATION 
98.8000 PPM 

BALANCE 

UNCERTAINTY 
0.6000 PPM 

CYLINDER 
ALM03S653 

1 .0 PPM I 0.6 % 

TYPE/SRM SAMPLE 
NTRM 1668 

EXP,DATE 
t 2Jul2018 

1st Analysis: 2BOct2013 

ANALYTICAL/PRINCIPLE CALIBRATED CONCENTRATION 

TCD/FID 160ct20\3 160.0 PPM 

Page 1 of 1 
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APPENDIX D 

QUALITY ASSURANCE AND QUALITY CONTROL DATA 
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QA/QC PROGRAM 

Air Hygiene ensures the quality and validity of its emission measurement and reporting procedures through a rigorous quality 
assurance (QA) program. The program is developed and administered by an internal QA team and encompasses five major areas: 

I. QA reviews of reports, laboratory work, and field testing 
2. Equipment calibration and maintenance 
3. Chain-of-custody 
4. Training 
5. Knowledge of current test methods 

Each of these areas is discussed individually below. 

QA Reviews 
Air Hygiene's review procedure includes review of each source test report, along with laboratory and fieldwork, by the QA Team. 
The most important review is the one that takes place before a test program begins. The QA Team works closely with technical 
division personnel to prepare and review test protocols. Test protocol review includes selection of appropriate test procedures, 
evaluation of interferences or other restrictions that might preclude use of standard test procedures, and evaluation and/or development 
of alternate procedures. 

Equipment Calibration and Maintenance 
The equipment used to conduct the emission measurements is maintained according to the manufacturer's instructions to ensure 
proper operation. In addition to the maintenance program, calibrations are carried out on each measurement device according to the 
schedule outlined by the Environmental Protection Agency. Quality control checks are also conducted in the field for each test 
program. 

Chain-of-Custody 
Air Hygiene maintains full chainwofwcustody documentation on all samples and data sheets. In addition to normal documentation of 
changes between field sample custodians, laboratory personnel, and field test personnel, Air Hygiene documents evety individual who 
handles any test component in the field (e.g., probe wash, impinger loading and recove1y, filter loading and recovery, etc.). Samples 
are stored in a locked area to which only Air Hygiene personnel have access. Field data sheets are seemed at Air Hygiene's offices 
upon return from the field. 

Training 
Personnel's training is essential to ensure quality testing. Air Hygiene has formal and informal training programs, which include: 

1. Attendance at EPAwsponsored training courses 
2. Enrollment in EPA correspondence courses 
3 A requirement for all technicians to read and understand Air Hygiene's QA manual 
4. Inwhouse training and QA meetings on a regular basis 
5. Maintenance of training records 

Knowledge of Current Test Methods 
With the constant updating of standard test methods and the wide variety of emerging test procedures, it is essential that any qualified 
source tester keep abreast of new developments. Air Hygiene subscribes to services, which provide updates on EPA reference 
methods, rules, and regulations. Additionally, source test personnel regularly attend and present papers at testing and emission-related 
seminars and conferences. Air Hygiene personnel maintain membership in the Air and Waste Management Association and the 
American Industrial Hygiene Association. 

Reproduction and Distribution Policy 
Reproducing portions of this test report may omit critical or substantial documentation or be taken out of context and due care must be 
exercised in this regard. Fmihennore, this test report and its associated data shall not be reproduced in full or in part without the 
written consent of the customer. 

xto-14-multi.ok-eng#l3-Hart I -03H _ 805637 
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COMBUSTION TESTING QUALITY ASSURANCE ACTIVITIES 

A number of quality assurance activities were undertaken before, during, and after this testing project. This section of the report 
combined with the documentation in Appendix C describes each of those activities. 

Each instrument's response was checked and adjusted in the field prior to the collection of data via multi-point calibration. The 
instrument's linearity was checked by adjusting its zero and span responses to zero nitrogen and an upscale calibration gas in the range 
of the expected concentrations. The instrument response was then challenged with other calibration gases of known concentration and 
accepted as being linear if the response of the other calibration gases agreed within plus or minus two percent of the range ofp1·edicted 
values. NOz to NO conversion was checked via direct connect with an EPA Protocol certified concentration of N02 in a balance of 
air. Conversion was verified to be between 90 and 110 percent. 

After each test run, the analyzers were checked for zero and span drift. This allowed each test run to be bracketed by calibrations and 
documents the precision of the data just collected. The criterion for acceptable data is that the instrument drift is no more than three 
percent of the full-scale response. The quality assurance worksheets in the following pages summarize all multipoint calibration 
checks and zero to span checks performed during the tests. These worksheets (as prepared from the data records of Appendix A) 
show that no drifts in excess of three percent occurred in the zero to span checks following each test run. 

The sampling systems were leak checked by demonstrating that a vacuum greater than 10 in Hg could be held for at least one minute 
with a decline of less than one inch of Hg. A leak test was conducted after the sample system was set up and before the system was 
dismantled. This test was conducted to ensure that ambient air had not diluted the sample. Any leakage detected prior to the tests 
would be repaired and another leak check conducted before testing commenced. No leaks were found during the pre or post-test leak 
checks. 

The absence of leaks in the sampling system was also verified by a sampling system bias check. The sampling system's integrity was 
tested by comparing the responses of the analyzers to the calibration gases introduced via two paths. The first path was directly into 
the analyzer and the second path via the sample system at the sample probe. Any difference in the instrument responses by these two 
methods was attributed to sampling system bias or leakage. The criterion for acceptance is agreement within five percent of the span 
of the analyzer. 

The control gases used to calibrate the instruments were analyzed and certified by the compressed gas vendors to plus or minus one 
percent accuracy for all gases. EPA Protocol No. 1 was used, where applicable to assign the concentration values traceable to the 
National Institute of Standards and Technology (NIST), Standard Reference Materials (SRM's). The gas calibration sheets as 
prepared by the vendor are contained in Appendix C. 

Air Hygiene collected and reported the enclosed test data in accordance with the procedures and quaJity assurance activities described 
in this test report. Air Hygiene makes no warranty as to the suitability of the test methods. Air Hygiene also assumes no liability 
relating to the interpretation and use of the test data. 

Date: 
Company: 
Location: 
Techs: 

November 17,2014 
XTO Energy, Inc. 

INSTRUMENTAL ANALYSIS 
QUALITY ASSURANCE DATA 

Love County, Oklahoma 
MP 

Sample System Leak Check 

Date Sample System 

November 17, 2014 1 

xto-14-multi.ok-eng#l3-Hart I-03H_805637 
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Leak Rate 
(1/min) 

0 



Calibration Date: November 17,2014 
Client· XTO Energy Inc ' 

NOx Span (ppm)::: 125.00 

THERMO 42c (NOx Analyzer) 

Certified Instrument Calibration Absolute 
Concentration Response Error Cone. 

(ppm) (ppm) (%) (ppm) 

0.00 0.01 0.01 0.01 

60.00 57.94 -1.65 2.06 

125.00 125.03 0.02 0.03 

Linearity- 0.999 

CO Span (ppm)::: 800.00 

THERMO 48i (CO Analyzer) 

Certified Instrument Calibration Absolute 
Concentration Response Error Cone. 

(ppm) (ppm) (%) (ppm) 

0.00 0.15 0.02 0.15 

400.00 401.86 0.23 1.86 

800.00 803.64 0.45 3.64 

Linearity - 0. 996 

0 2 Span(%)::: 20.90 

SERVOMEX 1440 (0, Analyzer) 

Certified Instrument Calibration Absolute 
Concentration Response Error Cone. 

(%) (%) (%) (%) 

0.00 -0.05 -0.24 0.05 

11.90 11.96 0.29 0.06 

20.90 21.03 0.62 0.13 

Linearity- 0.991 

VOC Range (ppm)::: 125 

VIG 210 (THCNOC Analyzer) 

Certified Instrument Calibration Estimated 
Concentration Response Error Point 

{ppm) {ppm) {%) (ppm) 

0.00 -0.02 -0.02 NIA 
40.00 39.94 -0.46 40.12 

65.00 65.40 0.29 65.21 

100.00 100.34 0.27 NIA 
Unearily "' 0.994 

'-zerolhlgll based on 2% of span.lowlmid based on 5% of concelllration 

xto-14-mulli.ok-eng#13-Hart 1-03H_805637 

Pass or 
Fail (±2%, 
:S0.5ppm) 

YES{%) 

YES(%} 

YES{%) 

Pass or 
Fail (±2%, 
:S0.5ppm) 

YES(%) 

YES{%) 

YES(%) 

Pass or 
Fail (±2%, 

:S:0.5%) 

YES(%) 

YES(%) 

YES(%) 

Pass or 
Fail 

(±2,5%)1 

YES 

YES 

YES 

YES 
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THERMO 42c (NOx Analyzer) Linearity Plot 

1f 140.00 ---
~ 120.00 

" / • 100.00 • / 0 
0 60.00. 
~ • ,_ /" 
~ 60.00 

/ 
~ 40.00 

~ 20.00 / -(-
~ o_oo / 
~ o_oo 20.00 40.00 60.00 80.00 100.00 121).00 140.00 

Cert!fled Concentrations (ppm) 

THERMO 48i (CO Analyzer) Linearity Plot 

1f 
900.00. --

~ 800.00 

" 700.00 -- -~--• /" • 600.00 ----0 
0 500.00 --~ --
~ • 400.00 ~ / ~ 300.00 """"""" 

~ 200.00 
0 100.00 "- ---
~ o_oo 
~ 000 200.00 400.00 600.00 800.00 1001).00 

Certified Concentrations (ppm) 

SERVOMEX 1440 (02 Analyzer) Linearity Plot 

25.00 

l c. . 20.00 • / 0 
0 

15.00 ~ 

____.------~ 
10.00 ·-···- ----

i / 
:s 5.00 

/ 
- ---

• o_oo ~ 
0.00 5.00 10.00 15.00 20.00 25.00 

Certified Concentrations ("/4 

VIG 210 (THCNOC Analyzer) Linearity Plot 

1f 120.00 

0 
100.00 " • / • 60.00 0 

/ 0 
0 
~ 60.00 ---

/ ~ 

i 
40.00 7 
20.00 - -1--

~ o_oo / 
~ 0.00 20.00 40.00 60.00 80.00 100.01) 120.00 

Certified Concentrations (ppm) 
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Method 205 Gas Diluter Validation Daily Test Procedure 

Calibration Date: November 17, 2014 
Client: XTO Energy, Inc. 
Target Analyzer Serial No: INST-02-0012 

Dilution System Serial No: 4446 

Calibrate Oxygen analyzer per normal procedure using EPA protocol gases(- 21.0% and -12.0%)
Step 1 RM 205-3.2 

Using diluter, send a programmed mid (11.0%) and high (18.0%) diluted gas made with the EPA 
Step 2 protocol high gas (-21.0%) and nitrogen. Repeat 3 times and complete validation tables below for 

each diluted gas. - RM 205-3.2.1 - 3.2.5 

High Level Diluted Gas Validation Table 

Trial# Diluter Output (18.0%) Instrument Response (%) %Error %Drift 

1 18.00 18.05 -0.28% 0.00% 

2 18.00 18.06 -0.33% 0.06% 

3 18.00 18.04 -0.22% -0.06% 

AVG 18.00 18.05 -0.28% 

Itt Mid Level Protocol Gas = 11.9 ppm then ±10 = 10.71 to 13.09 

Mid Level Diluted Gas Validation Table (within 10% Mid level Protocol Gas) 

Trial# Diluter Output (11.0%) Instrument Response (%) %Error %Drift 

1 11.00 11.00 0.00% 0.00% 

2 11.00 11.01 -0.09% 0.09% 

3 11.00 10.99 0.09% -0.09% 

AVG 11.00 11.00 0.00% 

Introduce the EPA protocol gas directly to the analyzer bypassing the diluter. Repeat 3 times and 
Step 3 complete validation table below. RM 205-3.2.6 

Mid Level Protocol Gas Validation Table 

Trial# Certified Value (%) Instrument Response(%) %Error %Drift 

1 11.9 11.90 0.00% -0.06% 

2 11.9 11.90 0.00% -0.06% 

3 11.9 11.92 -0.17% 0.11% 

AVG 11.9 11.91 -0.06% 

Step 4 If diluter passes all %Error and %Difference(< 2.0%) it is certified for use throughout the field test 
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NOx Converter Efficiency 
Date: November 17, 2014 

Analyzer: INST-NX-0012 

RM 7E, (02-27-14), Sections 7.1.4; 8.2.4.1; 12. 7; and 13.5 Introduce N02 to the analyzer and 
record the NOx concentration displayed .... Calculate the converter efficiency using Equation 
7E-7. The specification for converter efficiency must be met. ... Air Hygiene also references 
AL T-0013 for specific N02 concentration (40-60 ppm) and EPA Traceability Protocol 
requirements (±2%). 

Audit Gas: N02 Concentration (Cv). ppmvd 
Converter Efficiency Calculations: 

Analyzer Reading, NO Channel, ppmvd 
Analyzer Reading, NOx Channel, ppmvd 
Analyzer Reading, N02 Channel (Coir(No2)), ppmvd 
Converter Efficiency, % 

47.9 

2.81 

51.02 

48.21 

100.65 

RM 7E, (02-27-14), 13.5 N02 to NO Conversion Efficiency Test (as applicable). The N02 to 
NO conversion efficiency, calculated according to Equation 7E-7, must be greater than or 
equal to 90 percent. 

48.21 ppmvd 
X 100 = 100.65% Eq. 7E-7 = 

47.90 ppmvd 

Date/Time Elapsed Time NOx NO 

mm/dd/yy hh:mm:ss Seconds ppmvd ppmvd 
11/17/14 07:59:23 1820 50.96 2.81 
11/17/14 07:59:33 1830 50.95 2.81 

11/17114 07:59:43 1840 50.94 2.87 
11/17114 07:59:53 1850 50.94 2.83 
11/17/14 08:00:03 1860 50.92 2.83 
11/17/14 08:00:13 1870 51.02 2.81 

11117/14 08:00:23 1880 51.01 2.82 
11/17/14 08:00:33 1890 51.02 2.71 
11/17/14 08:00:43 1900 50.99 2.26 

11/17/14 08:00:53 1910 51.06 2.35 
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DRIFT AND BIAS CHECK 
Run- 1 o, NOx co voc 

Raw Average -0.05 26.36 202.06 -0.13 
Corrected Average 0.00 26.17 201.28 0.06 

Initial Zero -0.03 0.31 0.13 -0.10 
Final Zero 0.00 0.26 0.43 -0.32 
Avg. Zero -0.02 0.29 0.28 -0.21 

Initial UpScale 11.89 59.96 402.08 40.08 
Final UpScale 11.92 60.17 400.48 39.87 
Avg. UpScale 11.91 60.07 401.28 39.98 

Sys Resp (Zero) -0.05 0.01 0.15 -0.02 
Sys Resp (Upscale) 11.96 57.94 401.86 39.94 

Upscale Cal Gas 11.90 60.00 400.00 40.00 
Initial Zero Bias 0.10% 0.24% 0.00% -0.06% 
Final Zero Bias 0.24% 0.20% 0.04% -0.24% 

Zero Drift 0.14% 0.04% 0.04% 0.18% 
Initial Upscale Bias -0.33% 1.62% 0.03% 0.11% 
Final Upscale Bias -0.19% 1.78% -0.17% -0.06% 

Upscale Drift 0.14% 0.17% 0.20% 0.17% 
ru § Initial Zero 0.02 0.30 0.02 "" 

.<:: ".P tl= Final Zero 0.05 0.25 0.28 ~,go "" 

L.. ·- tl) Initial Upscale 0.07 2.02 0.22 "" :mhl~ .. ~ Final Upscale 0.04 2.23 1.38 "" U) 

Calibration Span 20.90 125.00 800.00 125.00 
3% of Cal. Span (drift) 0.63 3.75 24.00 3.75 
5% of Cal. Span (bias) 1.05 6.25 40.00 6.25 

DRIFT AND BIAS CHECK 
Run- 2 o, NOx co voc 

Raw Average -0.02 27.13 221.40 0.93 
Corrected Average 0.00 27.18 222.27 1.43 

Initial Zero 0.00 0.26 0.43 -0.32 
Final Zero 0.01 -0.17 0.02 -0.29 
Avg. Zero 0.01 0.05 0.23 -0.31 

Initial UpScale 11.92 60.17 400.48 39.87 
Final UpScale 11.92 59.46 396.04 40.94 
Avg. UpScale 11.92 59.82 398.26 40.41 

Sys Resp (Zero) -0.05 0.01 0.15 -0.02 
Sys Resp (Upscale) 11.96 57.94 401.86 39.94 

Upscale Cal Gas 11.90 60.00 400.00 40.00 
Initial Zero Bias 0.24% 0.20% 0.04% -0.24% 
Final Zero Bias 0.29% -0.14% -0.02% -0.22% 

Zero Drift 0.05% 0.34% 0.05% 0.02% 
Initial Upscale Bias -0.19% 1.78% -0.17% -0.06% 
Final Upscale Bias -0.19% 1.22% -0.73% 0.80% 

Upscale Drift 0.00% 0.57% 0.56% 0.86% 
ru § Initial Zero 0.05 0.25 0.28 "" 

~~!1: Final Zero 0.06 0.18 0.13 "" 

E~r; Initial Upscale 0.04 2.23 1.38 "" ruu.o 
~ lli-=t Final Upscale 0.04 1.52 5.82 "" U) 

Calibration Span 20.90 125.00 800.00 125.00 
3% of Cal. Span (drift) 0.63 3.75 24.00 3.75 
5% of Cal. Span (bias) 1.05 6.25 40.00 6.25 
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DRIFT AND BIAS CHECK 
Run- 3 o, NOx co voc 

Raw Average -0.04 27.95 249.23 -0.14 
Corrected Average 0.00 28.45 249.50 0.01 

Initial Zero 0.01 -0.17 0.02 -0.29 
Final Zero 0.00 -0.20 0.12 -0.07 
Avg. Zero 0.01 -0.19 0.07 -0.18 

Initial UpScale 11.92 59.46 396.04 40.94 
Final UpScale 11.97 58.82 403.02 40.93 
Avg. UpScale 11.95 59.14 399.53 40.94 

Sys Resp (Zero) -0.05 0.01 0.15 -0.02 
Sys Resp (Upscale) 11.96 57.94 401.86 39.94 

Upscale Cal Gas 11.90 60.00 400.00 40.00 
Initial Zero Bias 0.29% -0.14% -0.02% -0.22% 
Final Zero Bias 0.24% -0.17% 0.00% -0.04% 

Zero Drift 0.05% 0.02% 0.01% 0.18% 
Initial Upscale Bias -0.19% 1.22% -0.73% 0.80% 
Final Upscale Bias 0.05% 0.70% 0.14% 0.79% 

Upscale Drift 0.24% 0.51% 0.87% 0.01% 
ID § Initial Zero 0.06 0.18 0.13 --
£~!!::: Final Zero 0.05 0.21 0.03 --
~~Cl ._ ·- (/) Initial Upscale 0.04 1.52 5.82 --IDU~ 

~ ~<( Final Upscale 0.01 0.88 1.16 --lf) 

Calibration Span 20.90 125.00 800.00 125.00 
3% of Cal. Span (drift) 0.63 3.75 24.00 3.75 
5% of Cal. Span (bias) 1.05 6.25 40.00 6.25 
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Environics® 

Series 4040 

System S/N 4446 

ENVIRONICS FLOW CONTROLLER CALIBRATION SHEET 

MFC# 1 Size: 10,000 SCCM 

SERIAL NUMBER 4569900001 

This flow controller was calibrated using a NIST-traceable Flow Standard. This calibration was performed 
with Nitrogen at a standard reference temperature and pressure of 32'F and 29.92 ln. Hg. This is not 
performance data. This data is used by the system operating modes to improve the flow accuracy. 

Set Flow True Flow 

5 % 500.0 SCCM 484.456 SCCM 
10 % 1000.0 SCCM 999.846 SCCM 
20 % 2000.0 SCCM 2027.310 SCCM 
30 % 3000.0 SCCM 3046.342 SCCM 
40 % 4000.0 SCCM 4062.154 SCCM · 
50 % 5000.0 SCCM 5078.193 SCCM 
60 % 6000.0 SCCM 6097.326 SCCM 
70 % 7000.0 SCCM 7113.480 SCCM 
80 % 8000.0 SCCM 8106.860 SCCM 
90 % 9000.0 SCCM 9122.147 SCCM 

100 % 10000.0 SCCM 10150.430 SCCM 

~ 

Verified by: -~-F:_U.U.;_::=-·--'-j_"'~:;:__co""--":..::~:::..e::._i:::..-,· ~-- Date:_'/:.__:-9_--'-/'f.L__ __ _ 

Computerized Gas Mhdng; Dilution I Ca/fbralion Systems 
Envlranlcs Inc. • 69 Industrial Park Road East • Tolland, CT 06084 • (860) 872-1111 • Fax: (860) 870-9333 

World Wide Web: http://www.environics.com E·mail: info@environics.com 

46 of 55 



j Environics· 

System SiN 4446 

ENVIRONICS FLOW CONTROLLER CALIBRATION SHEET 

MFC# 2 Size: 10,000 SCCM 

SERIAL NUMBER 4569900002 

l·-~~~· 
: .•.. ".0. •. ''.'.1.~.~~ tflllWU 
~~ . ---~---

Series 4040 

This flow controller was calibrated using a NIST-traceable Flow Standard. This calibration was performed 

with Nitrogen at a standard reference temperature and pressure of 32"F and 29.92 in. Hg. This is not 
performance data. This data is used by the system operating modes to improve the flow accuracy. 

Set Flow True Flow 

5 % 500.0 SCCM 488.537 SCCM 
10 % 1000.0 SCCM 1004.682 SCCM 
20 % 2000.0 SCCM 2033.609 SCCM 
30 % 3000.0 SCCM 3052.454 SCCM 
40 % 4000.0 SCCM 4066.236 SCCM 
50 % 5000.0 SCCM 5075.313 SCCM 
60 % 6000.0 SCCM 6076.463 SCCM 
70 % 7000.0 SCCM 7083.255 SCCM 
80 % 8000.0 SCCM 8089.326 SCCM 
90 % 9000.0 SCCM 9103.936 SCCM 

100 % 10000.0 SCCM 10144.535 SCCM 

I 

Verified by: ~· L,_o!..;-r'-a4_/c_ Date: '/~CJ-1'/ 

Computerized Gas Mixing I Oflulion /Calibration Systems 

Envlronics Inc. • 69 Industrial Park Road East • Tolland, GT 06084 • (860) 872-1111 • Fax: (860) 870-9333 

World Wide Web: http://www.environics.com E-mail: info@ environics.com 
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Environics'"' ··~·· ~I f:l/f:f: 
1509001 ~ 

Series 4040 

System S/N 4446 

ENVIRONICS FLOW CONTROLLER CALIBRATION SHEET 

MFC# 3 Size: 1000 SCCM 

SERIAL NUMBER 4523300001 

This fiow controller was calibrated using a NIST-traceable Flow Standard. This calibration was performed 
with Nitrogen at a standard reference temperature and pressure of 32'F and 29.92 in. Hg. This is not 
performance data. This data is used by the system operating modes to improve the flow accuracy. 

Set Flow True Flow 

5 % 50.0 SCCM 49.083 SCCM 
10 % 100.0 SCCM 100.141 SCCM 
20 % 200.0 SCCM 202.144 SCCM 
30 % 300.0 SCCM 302.732 SCCM 
40 % 400.0 SCCM 403.819 SCCM 
50 % 500.0 seeM 503.582 seeM 
60 % 600.0 SCCM 604.426 SCCM 
70 % 700.0 SCCM 705.644 SCCM 
80 % 800.0 SCCM 807.506 SCCM 
90 % 900.0 SCCM 912.264 SCCM 

100 % 1000.0 SCCM 1020.775 SCCM 

Verified by:-~-!='--=-==-· ..L/_=:c~==:c:..:.:"'· ='-"g:_~- Date: _ _,_lf_-_9'---!_'-/_:__ __ _ 

Computerized Gas Mixing 1 Dilution/ Calibration Systems 
Environics Inc. • 59 Industrial Park Road East • Tolland, CT 06084 • (860) 872·1111 • Fax: (860) 870-9333 

World Wide Web: http;//wvvw.environics,com E~mall: info@environics.com 
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[ Environics® 
Series 4040 

System SIN 4446 

ENVIRONICS FLOW CONTROLLER CALIBRATION SHEET 

MFC# 4 Size: 1 00 SCCM 

SERIAL NUMBER 4523500001 

This flow controller was calibrated using a NIST-traceable Flow Standard. This calibration was performed 

with Nitrogen at a standard reference temperature and pressure of 32'F and 29.92 in. Hg. This is not 
performance data. This data is used by the system operating modes to improve the flow accuracy. 

Set Flow True Flow 

5 % 5.0 SCCM 5.019 SCCM 
10 % 10.0 SCCM 10.322 SCCM 
20 % 20.0 SCCM 20.859 SCCM 
30 % 30.0 SCCM 31.261 SCCM 
40 % 40.0 SCCM 41.559 SCCM 
50 % 50.0 SCCM 51.783 SCCM 
60 % 60.0 SCCM 61.969 SCCM 
70 % 70.0 SCCM 72.021 SCCM 
80 % 80.0 SCCM 82.025 SCCM 
90 % 90.0 SCCM 91.997 SCCM 

100 % 100.0 SCCM 102.131 SCCM 

Verified by: ~ ~Int.~ Date: __ Jf,__-9-'-----'-/'-';/'-----

Computerized Gas Mixmg / Dilutfonl Calibration Systems 

Envlronlcs Inc. • 69 Industrial Park Road East • Tolland. CT 06084 • (860) 872-1111 • Fax: (860) 870-9333 

World Wide Web: http://www.environics.com E-mail: info@environics.com 
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Client: XTO Energy, Inc. 
Location: Hart 1-03H 

Date: November 17, 2014 
Project#: xto-14-multi.ok-eng#13 

an ar 1ze Natural Gas Fuel Analysis St ct d- d to 66 cteg F and 14696 psia EPA Standards 

Molecular1 Lbs 
Ideal Gross1

•
3 Fuel Heat 

Component Wt.% of 
Gas Component Mole{%) Weight per Lb-Mole Component 

Heating Value Value [HHV] 

(lb/lb-mole) of Gas (Btuite) {Btu/SCF) 

Methane CH4 70.576 16.0430 11.32 49.09 

Ethane C2Hs 13.696 30.0700 4.12 17.85 

Propane C3Hs 8.194 44.0970 3.61 15.66 

iso-Butane iC4Hto 0.691 58.1230 0.40 1.74 

n-Butane nC4Hto 2.551 58.1230 1.48 6.43 

I so-Pentane iCaH12 0.439 72.1500 0.32 1.37 

n-Pentane nCaH12 0.685 72.1500 0.49 2.14 

Hexanes CaH14 0.497 86.1770 0.43 1.86 

Heptanes C1H1a 0.000 100.2040 0.00 0.00 

Octanes CaH1a 0.000 114.2310 0.00 0.00 

Carbon Dioxide co, 0.878 44.0100 0.39 1.68 

Nitrogen N, 1.793 28.0134 0.50 2.18 

Hydrogen Sulfide H,S 0.000 34.0800 0.00 0.00 

Oxygen o, 0.000 31.9988 0.00 0.00 

Helium He 0.000 4.0026 0.00 0.00 

Hydrogen H, 0.000 2.0159 0.00 0.00 

Totals 
100.000 23.07 100.00 

Characteristics of Fuel Gas 

Molecular Weight of gas - 23.067 lb/lb-mole 

Btu oer lb. of qas4 = 21,972.898 gross (HHV) 

Btu oer lb. of Qas4 = 19,974.450 net (LHV) 

Density of fuel gas2 - 0.0599 lb/cu. ft 

Wt% VOC in fuel gas - 29.21 % 

Specific Gravitv1 - 0.7964 

F-Factor (SCF dry exhaust per MMBtu [HHV]) = 8,741.46 

(Based on EPA RM-19) at 68 deg F and 14.696 psia 

F-Factor Calculation: 

F-Factor = 1 ,000,000"'((3.64"'%H)+(1.53*%C)+(0.57*%S)+(0.14 "%N)-(0.46*%0))/GCV 

GCV =Gross Btu per lb. of gas (HHV) 

994.85 

1,743.15 

2,478.35 

3,203.11 

3,213.35 

3,940.87 

3,948.75 

4,684.54 

5,419.94 

6,155.14 

0.00 

0.00 

627.54 

0.00 

0.00 

319.34 

dry 

wee·s 

%H, %C, %S, %N, & %0 are percent weight values calculated from fuel analysis and have units of (scf/!b)/% 

Density of natural gas based on specific gravity multiplied by density of air at 68 deg F and 14.696 psia. 

References: 
1 ASTM D 3588 
2 Civil Engineering Reference Manual, 7th ed.- Michael R. Undeburg 
3 Mark's Standard Handbook for Mechanical Engineers, 1oth ed.- Eugene A. Avallone, Theodore Baumeister Ill 
4 Introduction to Fluid Mechanics, 3rd ed. -WilliamS. Janna 
5 GPA Reference Bulletin 181-86, revised 1986, reprinted 1995 
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702.12 

238.74 

203.08 

22.13 

81.97 

17.30 

27.05 

23.28 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1,315.68 

1,285.34 

Ideal Net1.3 Fuel Heat 
Heating Value Value [LHV] 

(Btulfe) (Btu/SCF) 

895.75 632.19 

1,594.41 218.37 

2,280.17 186.84 

2,955.38 20.42 

2,965.62 75.65 

3,643.50 15.99 

3,648.32 24.99 

4,337.82 21.56 

5,023.77 0.00 

5,709.23 0.00 

0.00 0.00 

0.00 0.00 

578.00 0.00 

0.00 0.00 

0.00 0.00 

269.82 0.00 

dry 1,196.01 

wee•5 1,168.44 

Component Wt% 
carbon 75.50 

oxygen 1.22 

hydrogen 21.10 

nitrogen 2.18 

helium 0.00 

sulfur 0.00 

Total 100.00 

App.E 



GAS TESTING AND MEASUREMENT 

PETROLEUM LABORATORY 

PHYSICAL TEST 

GAS SURVEYS 

FRACTIONAL ANALYSIS • 
COMPONENTS MOL% 

Carbon Dioxide C02 0.878 
Nitrogen N2 1.793 
Methane C1 70.576 
Ethane C2 13.696 
Propane C3 8.194 
iso-Butane IC4 0.691 
n-Butane NC4 2.551 
iso-Pentane IC5 0.439 
n-Pentane NC5 0.685 
Hexane+ NC6+ 0.497 
Oxygen 02 0.000 

100.000 

GASOLINE CONTENT 60 F 

ETHANE & HEAVIER 
PROPANE & HEAVIER 
BUTANE & HEAVIER 
PENTANE & HEAVIER 

Gross Heating Value 
BTU @60 F 
Dry 
Wet 

SPECIFIC GRAVITY 
REAL 

*Based on GPA 2145 & 2172 

0.8007 

THURMOND-McGLOTHLIN, INC. 
THE NATURAL GAS MEASUREMENT COMPANY 

P.O. Box 1948 ARDMORE OK 73402 
34 BROADLAWN CENTER 

580-223-9632 Office I 580-223-3163 Fax 

DATE RUN: 11/13/2014 
GPM 14.65 GPM 14.73 

COMPANY: XTO-WS 
PURCHASER: 
LEASE: HART 1-3H 

3.658 3.678 STATION: MCA60008 
2.255 2.267 PRESSURE: 116.2 
0.226 0.227 TEMPERATURE: 71.36 
0.803 0.808 CYLINDER: XTO-WS TM2 068 
0.161 0.162 ANALYSIS BY: DCORONADO 
0.248 0.249 SECURED BY: S BROCK 
0.217 0.218 DATE SAMPLED: 11/5/2014 

RUN NUMBER: ARD/GSM 8849 
SAMPLE TYPE: s 

REMARKS: 

H2S: 0.00 PPM 

GAS PRODUCTION SURVEYS 

BACK PRESSURE TESTS 

ELECTRONIC VOLUMES 

CHART INTEGRATION 

7.568 
3.910 
1.655 
0.626 

7.609 
3.931 
1.664 
0.629 H20: lb/mmcf 

14.65 PSIA 
1339.147 
1316.163 

14.73 PSIA 
1346.460 
1323.350 

z~ 

RESULTS TO: XTO-WS 

0.9957 

Natural Gas is one of our Most Valuable and Profitable Properties. Careful 
Conservation and £:..pert Handling will pay Abtmdanl Dil'idends. 

52 of 55 



APPENDIX F 

FIELD DATA SHEETS 

53 of 55 



I ENGINE TEST -FIELD DATA SHEET I 
Company; X1b 6dtr4<1. ;l;nc_, 

Facility Name: II&.-+ ~h':JJ.I 
Location: Love D:>. C!K 

PhysicalAddres:sor 1 33.13-0b I 
GPS Coordinates: - ') =!. l ') Z, I.{ 

Date: I 11/r7-!Jtf ""'1""' Code' (fo·JI/·t'lll/1.. it: -t~t<IJ 11 

Un!tMakeandModel: I . 'CJ'fr G~13Db 774 
unit Numbor. 1 g-ds~?_:J,-"1:_ 

Se""rNum""r. I /CG,soZ-3"\b. 
Data Recorded By: I /11_/!_ 

Tosto<~ Wlth AHI Unll(s): I Trock(s): 7.if'J' TraUor(s): "?f(, 
L.OE:Q Warmup/Cal Req; I On (tJay!'l1mo): - caJ (Day/Time)! -

RUN INFORMATION 

Tim& Start {lth:mm:&s) 

Time Stop (hh:mm:as) 

Barometric Pressure (in. Hg} 

Ambient Temoerature rFi 
Relative Humk!lty (%) 

Stack Tempontture ("F) 
FueJ Consumption (btump lu~ ~1'\r\ 

Rated Horsepower (hp} 

Rated Engine RPM 

LOo!ld %. ~-81_ na~il 
Engine Speed RPM 

Air Manifold Presaure~r ln. Hgl 

Air Manifold Tem~ra Ffl 
SuetiOCl Pressure {pslg) 

Olseharge """""'re (pslg) 

Engine Operating Hours 

Engine Thnlng (degreoo) 

Run#'f 

l£'·j4'o3 
l't~F33 
;;~ 

\[o 

L\.'1 
'10]: 
j9;0 

Runn 
/f):f)'I'J 

Run #3 

I!I'</Z'03 
tT'P'tfli I!J£¥J:.u 
J.Nll I ,;t;~41 

:1' I Lf'J 
-'Io~ Tcwq 
115-'1 ['), 1 

d.o3 
L&'oo 

I¢._}:_ I_~_ 1;).3"_ 
fl{{)-:j.. I'\ o3> I"'>~ \.p 
;s.ro 151'5" 1'5·/o 
"83 'S"Ia o'll 
~)'{ 51.. 53 

IIX2 I04L j_,">£) 

I ,(_, 
7:2-0 .., :Z..l ]-9. 3 

CALJBRATION 
o, NOx 

Zero Gas 
Low Gas 
Mid Gas 
High Gas 

fnltlaURun #1 
Run #1/Run #2 
RiJn :al2/Run #3 
Run #3/Run #4 
Run #4/Final 

BIAS 

Bias Gas Actual Cone. 

Cone. I AcbJal 

o I -~o_S: 

/{. 2 I I!."!(. 
~0 . ., d /.0.3 

o, 
zero Mkl 
• 0~'2, fL,_,IT_ 
(') !/. '12-

./9 I /f,'f;;l 
_Q_ Ill~ 

.i..l..!.:t.. 

Cone. I AcbJal 

O ___ L,OL 
t..o 151. ?1 

1.15" j_(_::/S'-o3_ 
:J$G 

NOx 
zero Mid 

..3_l "5"9 9t. 
'.z <, r..o.;?-

- ./?- ~'f.lf& 
-.z.o SXA::I 

f.,~ f) 

voc 
N2ll.oW lh£-tl/1!) '133-.c., 

Mid -

CYUNOER High /57 9..-~ 
SERlAL. CO 

NUM9ERS t}N21l.ow~~:jt~~g4~::c~~~=~~==1 
Mid 

High 

NO, CONVERSION li'oX>' I 3 
NO, Gas (ppm) I '1'1-5_ 
NO Reading (ppm) I ""· 5 I 
NOxRsadlng(ppm) L/.o2-
CyfindorNum ~s:zo3K 

CUstomer Number. -Regulat.d Entity Number:. 1 --

jY/ iU'/. }Jtd;;_ : ~ 
3/7-jto!'-1 

.....,."'' I .2oc:, -..::IOb£-AlOI I 

REPORT INFORMATION 

INSTRUMENT[ SERJA!. • 

o, I 1440 I INST .02.()012 

NOX \ - '~fc rNST -NX-ooao"ll. 
CO 4111 INST-C0-0016 

voc 
onutor 

Cone. 
_0_ 
~ 
~ 
.~06 

Zero 
.1.3 
.L./3 
.o,;?. 
I~ 

210 

4040 

co 
Aelual 

.IS'" 
2a' ee> 

</{)(.![(., 

'&' 03.1/-1 

co 
Mid 

14o~o 
</~().'If( 

3"/t...olf 
l!!J?J, o,;z. 

INSTNC-0002 

LABS-GM.0004/ 4446 

voc 
Cone. I Aeluai 

D I -. o_;i._ 
l(;o 13'?-1'1' 

·f#S /r.s.yo 
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